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for example, the hypothesis of the reasons behind changes 
in fashions, the explanation of the “mystery” of the 
Penrose triangle, and of “impossible pictures”. The 
author’s view of the essence of abstractions and the no- 
tion of beauty is original and curious. Also, Demidov 
convincingly develops the seemingly paradoxical thesis 
that optical illusions are the manifestation of the 
automatic accuracy of the functioning of the visual ap- 
paratus, the reflection of the correctness of the model of 
the world that has formed as a result of man's past ex- 
perience. 

Clarity, readability and scientific rigour are, undoubted- 
ly, the merits of the book. The literature used by the 
author includes works by foremost authorities on vision, 
both from the Soviet Union and abroad. Demidov knows 
personally most of his personages; he visited laboratories 
and participated in experiments, and that is why he is so 
successful in conveying the atmosphere of scientific search 
and adventure in his fascinating and enlightening account. 

Written in a lucid and absorbing language, the book in- 
troduces us to extremely important frontiers of neurophy- 
Siology and psychology, cybernetics and medicine, never 
lapsing into vulgarization. The author draws liberally on 
notions from many sciences, gives felicitous, graphic ex- 
amples, so that from the very first pages the reader will 
Plunge into the absorbing world of discovery. Holography 
is essentially a mathematical problem, and so it is all the 
more to the credit of the author that he succeeded in dis- 
Cussing it without formulas, using nontechnical language. 

The history of the accumulation of knowledge of visual 
Perception is the history of struggles between science and 
idealism. The results of modern scientific research have 
repeatedly supported the materialistic thesis that nature is 
Cognizable in all its aspects, including such complicated 
Ones as vision and thinking. In lieu of the “soul”, science 


How We See What We See 


suggests electrochemical processes in neuron networks of 
the brain, remarkable for their Perfection. As experimen- 
tal techniques become ever more sophisticated, we can 


probe ever deeper into the substance of matter. Man’s 
knowledge of his own sel 


before which the m 


O ever narrower disciplines. 
now barely understand the 
colleagues beyond the walls 


that. scientists 
problems dealt with by their 
of their own labi 
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Such readable accounts. 
Demidov's book is one of the most Successful attempts to 
ight interplay of results from a wide variety of 
arning, Furthermore Demidov relates these 
problems of vital interest for literally every 
human being. The book is a brilliant combination of the 
insight of a scientist and the lively, provoking style of a 
man of letters, 


fields of |e 
findings to 


Academician Oleg Gazenko 


I want in everything to touch 
The very ground. 


B. Pasternak 


...Before my eyes, or rather before my right eye, because 
my left eye has been covered by a black paper patch, 
through a hole is seen a light rectangle with an ornate net- 
work of thin wavy lines. A click, the lines have disap- 
peared, for a fleeting moment a small white square 
flashes, and again the interwoven lines appear. 

“Well, what have you seen?" 

"Nothing," I say honestly. 

"Right. As expected. And now?" 

Another click. This time it seems to me that I see the 
contour of something with four legs. | 

“A dog," I say, “Or some other animal. I did not see 
clearly." 

Again, after a click, the tangle of lines is gone. And 
now I've perceived distinctly: a goat! Or maybe a nanny- 
goat: as to the udder I was not dead sure.... 

“A nanny-goat,” says Alexandra Nevskaya, “And since 
you have no training, your time is 150 milliseconds. After 
all you did not know what sort of pictures I was going to 
show to you." » 

"And if I had had some training and had 
known — what then?" . j PK 

"Then you would have seen it earlier, within perhaps 
one hundred or even within 60 milliseconds.” 
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“Why?” 

“Because your visual apparatus would have gone over 
the ‘tree of signs’ more quickly.” 

“Tree of signs’? Just Some sort of genealogy...” 

“In a way. But at first some history of this problem. In 
vision, when one sets Out to sort things Out, literally 
everything is uncanny and mysterious..." 


So began my acquaintance with the Vision Physiology 
Laboratory headed by Professor Vadim Glezer. 


Chapter One 


The Boundary 
of the Preconscious 


... Facts not yet accounted for by available 
theories are of particular value for science, 
since it is on them that its development 
primarily depends ... 


A. Butlerov 


Why are all the conceivable tables in our mind united 
under the word “table”? Why are all the conceivable trees 
“trees”? How is man to conceive what he sees? 

Three centuries ago, the English philosopher and 
enlightener John Locke (1632-1704) wrote the book Assay 
Concerning Human Understanding, which embodied 19 
years of his experience and thinking. In it he maintained 
clearly and emphatically that the soul has no inborn ideas. 
The human brain, he stated, is a sort of clean tablet on 
which the world, perceived through sense organs, draws 
its characters. 

To identify a subject means to assign it to a particular 
class. But to which? A child is prompted by his parents, a 
pupil by his teachers, an illiterate by a literate. These are 
the first steps on the path of learning. 

A second path is that of our own personal impressions. 
To get acquainted with the world one must not just con- 
template it, not just flounder in scholastic speculations, 
but fearlessly “enter into contact” with it, even making 
mistakes and suffering setbacks, but recovering and mov- 
ing on and on. Experience, even gained at a high price, is 
the best teacher. There is nothing higher than experience 
and nothing can replace it. So taught John Locke. 

Locke was countered by his contemporary, the great 
German mathematician Gottfried Wilhelm — Leibniz 
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“Just look at the newborn!” the empiricists, Locke’s 
supporters, would call, “Do you think he sees anything? 
There is nothing in his head, just confusion, a hodge- 
Podge of foggy spots!” 

“What spots?” the nativists, who supported the views of 
Leibniz, Descartes, and Kant, were irate. “The millennia 
of man’s existence must have perfected the human eye so 
that the newborn sees not a bit worse than the adult! He 
just cannot speak, otherwise everything would be clear at 
Once...." 

The controversy lingered on for a good two and a half 
centuries, unsubdued. As science made its advances, the 
Opposing sides marshalled new evidence in support of 
their assertions, and ignored those that played into the op- 
ponents’ hands. Only in the recent years has it been found 
that neither view has the upper hand. Or, if you like, 
"friendship has won": the truth lies in between, only the 
happy marriage of experience and inheritance shape a full- 
blown living thing. 

To be sure, experience is undoubtedly of enormous im- 
Portance for the animal. If a chimpanzee baby is reared in 
the dark, with weak diffuse light turned on for a short 
time, its vision does not go wrong, but instead, there are 
some other, more significant derangements, which concern 
Not so much vision as such, as the brain itself. In such 
chimpanzee juveniles conditioned reflexes develop much 
More slowly than in chimpanzees living in a conventional 
environment. So the light-deficient creatures could not 
distinguish the keeper who fed them from strangers. Even 
a bottle of milk evoked no reaction in them.... And the 
Teason is that “in animals devoid of visual sensations the 
Corresponding neurons have not developed biochemically”, 
explains the prominent neurophysiologist José Delgado, 
known for his remarkably exciting studies on the brain's 
functions. Under the microscope, the neurons display no 
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departures, but chemical analysis shows 
in proteins and ribonucleic acid, the famous RNA vastly 
important for life. Furthermore, the br; 


ain underfed with 
information appears to be lighter than it is normally the 
case. 


that they are poor 
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the more often it is pecked 
s have an inborn ability to 
b—40 min after 


The more an object resembles a grain, 
by chicks, thus showing that the chicks have 
distinguish shapes: (a— 10 min after hatching; 
hatching) 


noring the flat one. In other words, they are more in- 
terested in what resembles feed. We refer to the ability to 
Peck just after coming into this world as instinct. But 
What about the ability to sort out exactly what. to 
Deck — is it an instinct as well? Of course. But instinct 
alone is not enough. It is also necessary that the visual ap- 
Paratus be able to identify the things resembling feed. 
Then is it only the idea of feed that is hereditary? 

The experimenter passes from chicks to herring gull 
nestlings. In the nest they are generally fed from their 
tender mother’s bill. And so, in experiments a young gull 
usually pecks at objects that look like its mother’s bill. 
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irds, leaving them in- 
i ther forms? a 
E takes care of itself when we bring in on 
Concept of imprinting, This Stunning pep 
mechanism manifests itself in that, for example, a duc 
i Seventeenth hours after 
any object that moves 
always follows this “mother”, which may 
» OF “a small green box 


-clock ticking in it». Here we undoubtedly 


have neither instinctive « 


be a foreign duck. It 

follows that he Sees things distinctly and remembers them 
ard and fas 

Well, all Of this is no Proof,” objected, and in a Way 
not without good Teason, the empiricists, “The experi- 
ments have been performed 9n animals, not on man.... If 
Only We could ask the baby.” 
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an experiment can be staged that would not tire and harm 
the baby, this last stronghold of empirism fell. 

A Swiss doctor, F. Schtirnimann, showed coloured 
cards to babies from one day to fourteen days old. If the 
card had a picture on it, it invariably attracted a great 
deal more attention than a smooth "flat" colour. Other 
researchers have established that two-week-olds prefer to 
gaze at things whose form and colouring (or rather diver- 
Sity of colours) are more involved, and two-month-olds 
prefer pictures with concentric rings to those with parallel 
lines. What "confusion" and what “hodge-podge”? 

Babies under a month old at a distance of a quarter of 
a metre make out 3-mm thick lines, half-year-olds 0.4-mm 
lines. True, the last result is still five times worse than the 
eyesight of an adult, but it is far better than what had 
been thought by physicians and psychologists. . 

An even larger sensation was produced by experiments 
in which newborns were shown ovals: in one a smiling 
human face, in another a smiling mouth, nose, and eyes 
and brows all in disarray, in yet another nothing, just a 
brightly coloured surface. Babies in the age group from 
four days to six months liked the first oval, thus 
demonstrating to the experimenters their inborn faculties 
to perceive organized structures, such as the human face. 
If now we suppose that the baby's brain has imbedded in 
it some reference for recognizing faces (later in the book 
We shall see that this is not that unlikely) the visual ap- 
paratus must be at such a stage of development that the 
reference standard could be used; and on the evidence 
available, vision makes a good job of it. It is a hint for 
Producers of toys for infants. . . f 

The eye thus supplies man with important information 
literally from the first day of his life. But how does a 
baby recognize what he sees? His eye may be caught by 


some silly designs. So an eight-week-old, for example, 
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postman does, and it no longer asserts that the role of the 
brain comes down just to “perception”, like the reading of 
a letter. The physiology of the second part of the 20th 
century says clearly: “The eye is part and parcel of the 
brain, just deployed at the front.” 

“Part of the brain"... But where does the visual ap- 
paratus end and where the brain proper—the receptacle of 
reason—start? 

Hermann von Helmholtz (German, 1821-1894), “that 
greatest physiologist" of the 19th century in the words of 
M. Sechenov, called our perceptions “unconscious conclu- 
sions". Really, when watching an aquarium with goldfish, 
we never construct the syllogisms: “Creatures possessing 
Bills and living in water are fish; these creatures have gills 
and the liquid in the reservoir seems to be water, hence 
these are fish.” What we do instead is that we just assign 
“by the aggregate of signs” these dimly blinking things to 
the class of fish, never giving à thought to it, as we go 
through the procedure. 

Absolutely different 
"What class does’ the un 
from the deep of the ocean b 
bear all our knowledge and 


precise classification. We will re 
lem here seems to be the same: whether or not the caught 


coelacanth (a lobe-finned sea creature) is to be classed 
with fish. The ground was shaky here. Helmholtz was 
right in saying that there is undoubtedly some similarity 
between the results arrived at using conscious and un- 


Conscious inferences. 
It is this similarity that exP' 


is the answer to the question, 
known creature brought by nets 
elong to?” Here we bring to 
logical powers to achieve a 
ason, although the prob- 


lains the fact that people can 


virtually never describe how they see what they see. They 
invent, they attempt to reconstruct the act of vision as 
they understand it and to render in words what occurs in 


their visual apparatus. 
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Square to the centre. Digits, for example, were pictured as 
figures of people: a seven appeared as "a man with a 


Wow, "i d. s Sa NANT NOR, WL. We 


number 87 was visualized as "a stout woman with a man 
with moustache”. The word “horseman” was pictured 
either as a cavalryman, or (when N became a professional 
mnemonist and switched to an "economical" system of 
memorizing) in the form of an army spurred boot. 
After the images had been placed adequately, it was 
plain sailing (to be sure, only for N) to remember them by 
taking a stroll along the street either way, starting from 
any point. If a *word-image" happened to get into an un- 
favourable position, say in a shadow of a gateway, N 
might overlook it. Thus he accounted for those extremely 
rare occasions when he was caught in a slip of memory: 
“I placed the pencil near the fence — you know that fence 
in the street — and so the pencil melted into the fence, 


and I passed it by." 


Einstein is widely known to have said about his ponder- 


ing technique: "It is quite obvious that words of a 
language in their written OF oral form: are of no 
significance in the mechanism of thinking. Psychological 
entities, which seem to be elements of thought, are some 
signs and more or less clear images that can be ‘arbitrari- 
ly‘ reproduced and combined... Common words and 
other signs had only tantalizingly to be sought at the sec- 
Ond stage where the above interplay of associations has 
Sufficiently established itself and can be reproduced if 
desired." 


A similar attitude, although expressed in some other 


terms, is to be found in the book by the prominent Rus- 
sian statesman Mikhail Speransky entitled The Rules of 
High Eloquence published in 1795: “Our thoughts run far 
faster than our language, Whose slow, ponderous course 
that is not always subdued by rules infinitely impedes our 
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powers of expression.... The linka 
mind is sometimes so subtle 
slightest attempt at exposing 
disrupts it and destroys it..." 

The Russian poet Fyodor T: 
"Pronounced thought is lie!" 
how the human brain perceiv 
the tables are “table” for him? Perhaps we should give it 
up as a bad job? No! 

Modern science possesses a bi 
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"black box" meth ienti 
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turn the eye—3 


Muscles to 


The human eye 


_ Physiologists would also like to peep inside: from 
behaviourist" experiments on animals and people, scien- 
lists move on to studies of individual neurons and neuron 
Networks, and view the functioning of the visual ap- 
Paratus from a wide variety of angles. We will cover with 
them all the paths and will eventually see that the most 
Plausible model of visual perception, memory, and 
recognition of what man sees (and not only man), which 
'S the richest in consequences and "side paths", is the 
holographic model. Many investigators in many countries 
Speculated on this possibility drawing on fairly convincing 
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The researchers of the Laboratory therefore believe that 
the visual apparatus terminates where concrete (visual) 
thinking is replaced by logical (abstract) thinking. The 
mechanisms of this “preconscious”, prelogical system are 
Studied here, using all the means available to modern 
physiology. 

To be sure, here at Koltushi they are unable to embrace 
all the problems. The visual apparatus is studied at hund- 
teds of laboratories throughout the world, including 
dozens in the Soviet Union. The issues of vision are of in- 
terest to specialists in television and computer designers, 
Machine tool designers and transport experts, the percep- 
tion of outlines and colour concerns the traffic police and 
architects, artistic designers working with machines and 
even children’s toys. Each research worker approaches the 
Perception and processing of visual information from a 
different angle, he utilizes a slightly different methodolo- 
8Y, and compares and distills the results obtained by 
Scientists from related fields. Vision provides the brain 
with nine tenths of the information coming from all the 
Senses, and so it is no wonder that there are enough mys- 
teries to go around. Research at the Laboratory is conduc- 
ted in close cooperation with hundreds of scientists 
around the world. It is impossible to reach an acme 
Without the support provided for by a wide and solid 
foundation, without having one’s results checked and 
rechecked by others, without drawing on these results. We 
Will therefore pay our tribute to the findings made at ma- 
Jor international laboratories. 

So, let’s come to grips with the present thinking on the 
Subject. Or perhaps it would pay to cast our sight into the 
Past. The Russian poet Alexander Pushkin said, “Respect 
for the past is what distinguishes enlightment from 
Savagery.” Let us therefore take several steps back to get 
Some idea of the edifice we are about to enter. 


Chapter Two 
Galen’s Foresight 


And he who will give satisfactory Explana- 
tions for these phenomena must really be 
an Inventor and man very knowledgeable 


in the Control and Workings of such 
Anatomical Machines. 


G. Power, Experimental Philosophy, 1664 
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To make his idea more convincing, he turned to 
analogies. After all, haven’t you seen the light smoke of a 
fire and sensed its invisible warmth, marvelled at the 
discarded skin of a snake, which to the minutest detail 
duplicates the shape of its body? The “signs” are also like 
this: they are light, invisible, and duplicate the shape of 
objects. 


... you may know that from the outermost body there flow off 
Unceasingly thin webs and thin shapes of things, 


concluded the poet. 

The hypothesis of “signs”, “images of things” was re- 
quired by the philosophers of ancient Greece to explain 
the mechanism of vision. Empedocles, for example, 
taught that in the eye images join with the “internal light” 
radiating from the pupils (thus, it turns out that “radiant 
eyes” are of a venerable age!). The contact produces the 
impression — the man sees objects. So that the soul, 
peeping out through the pupils, is just unnecessary: the 
work of vision, to use modern parlance, is a physical pro- 
cess. 

“Images”, too, were quite physical, material for the an- 
cient Greeks. Democritus (c. 460-c. 370 B.C.), for whom 
there was nothing in the world but atoms, stated that “im- 
ages" are the finest atomic layers that flew away from the 
surfaces of bodies into space. And so, they find their way 
into the eye through the pupil. But the eye is also com- 
posed of atoms and it is bound to contain ones that are 
congenial to those that have entered it. The similar ones 
join together, and thus the *sensual imprint" emerges that 
sets the atoms of the soul in motion, and the soul lives in 
the brain. It is the reasonable, sensuous 
bestial one, that dwells in the heart, and thi 
that resides in the stomach ... 


soul, unlike the 
e vegetable one 
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years, visiting towns famous for their scientific schools. 
So he had visited Smirna, Corinph, and of course Alexan- 
dria, where the local doctors were considered to be the 
guardians of the ancient Hellenic art of curing. As early 
as the 3rd century B.C., the physicians Herophilus and 
Erasistratus conducted autopsies on corpses and perform- 
ed the first primitive experiments on animals. 

Back from his travels, Galen found employment as a 
doctor at a gladiator school. That he was offered this post 
betokened his talents. Fighters were expensive, and their 
Proprietors were interested in having them back in the 
arena after they had been severely wounded by wild beasts 
or their fellow-gladiators, and thus there was no place for 
a poor doctor at the school. 

By that time, Pergamum had lost its position as capital 
and had become the seat of the governor of one of the 
Many provinces of the powerful Roman Empire. Splendid, 
Pompous Rome, the heaven for artists, philosophers and 
Scientists, attracted talents. Galen, too, set out for Rome. 
He quickly came into prominence there and enjoyed “re- 
Sounding popularity", to use the words of historians, both 
as a practitioner and as a theoretician of medicine. His 
lectures invatiably attracted many people. He became à 
Celebrity, and when he tried to return to Pergamum, 
emperor Markus Aurelius recalled him back and pro- 
Moted him to the post of his private physician. At the 
time Galen was about 40. 

The emperor-philosopher Mar 
Major stoic whose book Alone with Oneself left a far 
More profound mark on history than all of his wars and 
Statutory acts), appreciated highly the gift of his physi- 
cian. Galen was never interfered with while doing his 
research, He became the first experimentalist in 
Physiology ever, he made the first trepanations of the 
skull of animals, exposed the brain, and removed parts of 


kus Aurelius, (the last 
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it or dissected it, seeking insight into the interplay ne 
the parts of the brain and the senses. He severed vac Š 
look into their function. And how many discoveries Ga e 

made while dissecting animals! He was the first to nage 
description of the seven pairs of nerves coming from the 
brain to the ears, nose and other organs, he discovered in 


and in the eye the retina 
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attention of a co, 
of imagination, 
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element was given to the crystallirie lens, not to the retina 
(all the pre-Galenian and most of the later philosophers 
and physicians fell into the same fallacy). Let us not ex- 
Pect the scientist to answer all the questions at once. We'd 
better marvel at how convincingly the brain was restored 
in its right, which ever since has never been questioned, if 
only by some hopeless scholasticists — Aristotelians who 
idolized their father of their school of thought. We may 
only give our due to the audacity of the idea that the eye 
is an integral part of the brain. i 

Galen was distinguished for the courage inherent in all 
true men of science. He was ready to support the most 
shocking (from the viewpoint of “common sense”) 
hypotheses to account for the working of a living organ 
without invoking some mysterious and uncognizable 
forces, One such hypothesis was suggested by him to solve 
the enigma that greatly troubled all those who dealt with 
vision: how do the “images” that come to the eye from 
Objects manage to get into the tiny pupil and still retain 
the “life-size” dimensions of the objects? When the soul 
was looking out of the eye, there was no question: it was 


the soul th hat was to be done with 
at saw them, But wha ^ 
e. so, Galen discards them 


"images" wi And 
ithout the soul? An : a à 
together with the soul. His manuscript contains the first 
drawing in history illustrating the workings of the id 
Imagined by the scientist: the organ of vision Is a S 


Present-day radar. a 
Yes, Galen 1 Empedocles and Plato were right: the 
eye does emanate rays. But they are needed not to eun 
With the “images” coming from objects. The rays ae d 
the objects, as if they were thin invisible spokes, e : 
tower or a mountain be arbitrarily huge 7 the small pup! 
Will be able to take in its configuration with its e 
Naive tale, you would think? But this is exactly the pri 


Ple of the radar. 
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In less than a quarter of a millennium after Galen’s 
death, the Western Roman Empire fell, 
remained forgotten in Euro; 
Fortunately, unlike Euro; 


Ancient science 
Pe for nearly ten centuries. 
peans, the Persians and their sub- 
jects the Syrians, and especially the Arabs who conquered 
the Persian Empire in the 7th century, held the learning of 
antiquity in high esteem. As early as the 5th century, 
some of Aristotle’s works, and later Pliny's, were 
translated into the Syrian language. In that language 
Galen's treatises appeared as well. 


Centuries passed by ponderously, rulers changed, cities 
and philosophical sch In the 


contrary, objects th ays to the eye from 
their each ang every bi 


uous organ"), 
ays and just o, i 


erfering with Others, 
accepted for all 


transparent bodies o 
Alhazen has thus invented the camera Obscura. But s is 
often in Science, he did not Put much Stock jn his dum 


independently, 


iple i *to be 
transparent bodies includin, the 
, 
Cluding 
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vation, Suffice it to direct the hole not at the candles but 
Outdoors and... but Alhazen stopped short of it, and the 
fame of the discoverer of the eye’s model slipped out of 
his hands. 

He was unsuccessful with his model for the additional 
Teason that the picture on the back wall of the box turned 
Out to be inverted. This puzzled him a lot: the world is 
Seen by the eye “upside-down”? Impossible — we perceive 
it right-side-up. Alhazen was acquainted with Euclid's Op- 
fics and had a good understanding of the refraction of 
light. Perhaps the "transparent bodies" of the eyeball 
change the path of light rays so that the image In the eye 
Teturns to “normal”? It is to this predetermined answer 
that the scientist fitted the drawing of the path of rays. 
And, as we all know, such a fitting is nO good even at.a 
high school level. Alhazen did not believe 1n the result of 

is experiment, and so he made no discovery. Even more 
re n model he suggested became à burden holding back 
Other researchers. : 

The authority of Alhazen even had its cw on that 
genius of the engineering arts, Leonardo da Vinci, à e 
Who was centuries ahead of his time with his WARS 
ideas. Leonardo approached the contradiction bstween P 
inverted image and “direct” perception In i ut eir 
manner: he constructed a diagram pe^ ll of the 
the eye so that the picture on the back wa 
crystalline lens would be “upside UP =- 

Here we wil sip. quite à number of em ee of 
Giambattista della Porta, a rich Italian ^ Pea 
distinction and many contradictions. acterized him 
historian of physics F. RENE. por to a large 
thus: "half-diletante, half-ignorart gice with that harsh 


H » io not ag ia 
*gree, imposter”; but p pentru His curiosity was 


estimation and consider i e) ' Mor fendi 
beyond belief, he was indefatigable in his searc 


3-667 
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Conjunctiva 


Vascular layer 


Optic nerve 


Protein humour 


Leonardo da Vinci's Tepresentation of the path of rays within the 
eye. He, like others, thought that the crystalline lens perceives light 


Scientific evidence, and excelled in various experiments, 
some of which Bave hi 


Teputation of a magician, He also 
Obscura, Which were wel 
fooled with them 


Th 
e fi 
E Arsi 
if t 
ad eer 
ia ipea 
eple ux 
i fec 
t ci 
'onstruct 
ion 
of 
the 
path 
of li 
ight 
ra! 
ys 
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itself felt: contrary to all logic, della Porta maintained 
that the sensitive element of the eye was still the 
crystalline lens, not the retina. 


But for the mind able to reason and better acquainted 


della Porta, everything 
he new camera obscura 


a splendid and very ac- 
d he resurrected Galen’s 
nsitive “outcrop” of the 
€, Plater did not succeed 


ie , 
h. 2. Galen's Foresight x 


to thi 
E in st pu ew way of bringing the image back 
serve? After all ss the eye. What purpose would this 
the eyeball “doe the picture obtained on the back wall of 
image perceiv er not terminate the act of vision until the 
Science a e by the retina has been sent to the brain". 
able to ad gain returned to Galen's i 

B vance. 

dariy mem early in the 17th century, no 
gressive scholar, of the great physician. 
since it wo ims of the time would dare to refer to Galen, 
forces or have amounted to a union with the darkest 
Scholasticis reaction. This was because medieval 
(which unt made Galen's works, with all their fallacies 
vehementi ortunately were numerous!), into 2 bible, and 
rect an 2 attacked anyone who dared to revise or COT- 
"hay i pars pr his writing. Galen’s books had been the 
progres: artillery” of obscurantism, and so for the sake of 
Without of medicine they had to be rejected in toto, even 
And her the wheat from the ¢ 
Was € y many, many years later, W 
chapter i y defeated and was only remembered as a sad 
of the in medieval history, could science free the works 
that EET thinker from all that was extraneous, from 
19th ich had attracted the theologists t0 it. For, as the 
ave century English naturalist Huxley said: Those who 
kno read Galen’s works are struck by the diversity of his 
ledge and his clear understanding of the paths to be 


followed in physiology.” 


deas in order to be 


body admired the 
Not a single pro- 


haff. 
hen scholasticism 


Chapter Three 


Traps for Details 
of the Image 


To perceive ig to sort out, and to com- 
Prehend the world is to understand the 
rules to be Followed in the selection during 
perception, 


A. Moles, Théorie de l'information 
€t perception esthétique 
“I’ve been rere; 


ading Pavel Antok 
Vadim Glezer, « 


and Temembered the lines: 


What is mMemory?,.. A larder, A vault. 
Life is Stored there all anyhow, 


leeping at their moorings are dead ships, 
lotionless, fixed to the ground,” 


Olsky recently,” said 


ive. In Poetry, of 
Course anything is Possible. ’S poetry for you. But m 
i n now that memory is 
store-room jn a picture gallery: 


nst a wall — need to 
ne out and look, 


The ancients 


€ brain who 
* notice of im- 
n there are 10 


TV to tak 
Our brai 
cells, electri 
and amplitude travel from o another, various 
chemical transformations occur in the Cells and otherwise 
there is nothing, absolutely Nothing, But We see, our 
1 » and we remember 


events long past. What 
then goes from the eye to the brain? 
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In the Middle Ages it was believed that these are ideas. 
They travel via optic nerves and accumulate in the reser- 
Voir of the memory, which was thought to lie somewhere 
near the back of the head. But again, the word “ideas” 
explained nothing. With the advent of printing, they 
began to think that the brain somehow produces impres- 
Sions of images. Even in the 1950s some scientists preach- 
ed nearly the same view: visual sensations are a sort of 
Photographic pictures of what our sight catches. 

But in the 19th century, physiologists more or less 
understood the structure of the retina, and the opinion 
Was widespread that from each light-sensitive receptor one 
Nerve fibre comes to the brain. No “ideas” any more. 
Now came the “excitation relief”: it was considered that 
the cells of the cortex respond to an operation of 
Photoreceptors and so emerges an electric picture of what 
55 seen. For a long time this hypothesis appeared the only 
One possible, it was supported by the greatest authorities, 
Sechenov in particular. But still, it had to be discarded, 
despite its attractive simplicity and clarity, when it became 
known that the retina has about 150 times as many sen- 
Sitive elements as fibres. 

Really, if images were transferred from the eye to the 
brain by the principle “from a point to a point”, the 
Slightest disruption of the function of the optic nerve or 
visual parts of the cerebral cortex would markedly distort 
the Picture, so making recognition impossible. But in ex- 
Periments on cats, nearly three quarters of the fibres of 
the Optic nerves were severed, thus nearly destroying the 
entire system. Nay, the animals could still recognize E 
Ple figures, just as before. In rats, almost 90 per cent N 
the visual cortex was removed without any effect on T 
mechanism of recognition, at least in the opener A 
Tied out directly after the operation. Such severe, Me 
bances would have hopelessly destroyed the entire ime 
lion system», if the latter existed in reality. Just try 
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= 
The retina: C— cone; 


R— rod; P— pedicel; Bc— 
A —amacrine cell; GC 


bipolar cell; 
— ganglion cell 


not three quarters but only a tenth 


wires in a computer... This strongly Suggests that the 


visual apparatus functions in some other Manner. Again 
we are confronted with the question of how, 


of the connection 
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And again they turned to engineering for tell-tale 
analogies. Yes, engineering: it is simpler than living 
nature, and easier to understand, and as models engineer- 
ing analogies are useful at a certain stage. The entire 
history of science shows that whatever technical means 
were available during the lifetime of a physiologist they 
Were applied to get an insight into the functioning of the 


organism. And as for opposite contributions, from 
biology to engineering, these are extreme 


ly few and far 
between. 

Just look: mechanics had made its strides and 
everything in the organism began to be considered func- 
tioning according to its laws.. The camera obscura came 
in, and you have an explanation for the working of the 
eye. Then photography was brought into the picture, even 


S ops covered with a light-sensitive layer — the red 
thodopsin in the rods of the retina, a substance that 
dvent of 


iron lighter when exposed to light. With the a 
* telegraph and telephone the brain was likened by 
authors to a telephone exchange, and the nerves to e 
Wires. Eventually came the turn of television: the eye was 
Said to be a sort of transmitting TV camera. Each 
photoreceptor is a point on the transmitting screen, in the 
; tain we have the cells of the “receptor”, and our memory 
5 the recording of this “telesignal” on something like the 
ac carpets of a computer memory. A graphic and 
imple representation. l 
e the analogy with television. brought scar dis 
el lock. If in the eye the picture 1s “broken down m 
€ctric pulses, just as in television, then for 60 years o 
Sa life each of 10 billion neurons of the brain would 
ave to remember six million bits of information, aS was 
shown by Dean Wooldridge of the Californian Institute of 
Technology in his book Mechanisms of the Brain. There 
is no reason to doubt the correctness of his result. But for 


some 
lectric 
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a neuron to carry six million bits is extremely doubtful. 
Extremely, And so the television hypothesis, 
away peacefully. 


Broadcast television is in general a bad way of transfer- 
ting information. Enormous powers [y 


too, passed 


; it frees the 
I mation. The first hints came 
in 1932 from the erican pi 


hysiologist Hald ine, 
later a Nobel Prize winner, H g an Hartline. 


raneous infor, 
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tioning o 
The cells in| where the signals are tape recorded 
impulses, iia a in the most noise-proof way. by 
Suitable for tra are also good in that they are eek 
light-sensitive nsmitting information from any the 
Nature de grep a i sound-sensitive, and so E 
Way di innesesliular comi developing the most suitable 
Other lower e ular communication. In mollusks € 
Primitively, b animals, information is handled rather 
Understandably amplitude modulation of electric signals 
from a useful y, any noise, by adding to or aubtracting 
expect the cre can distort it, and so you can hardly 
isms”, In hi poal operation of the “executive mecha! 4 
Pulses, The rid Mei transmit packets of m 
Stant, unlike Vo nee of impulses within a packet is co : 
Of excitation uia cmq It depends, say, on the i 
receptor conv a given receptor cell. In other words, the 
Now that a: external effects to numbers. ' 
ever we like ove numbers, we can do with them what- 
to numbers, ey are able not only to transform effects 
number of im ut also to take logarithms of them: the 
Ple, to the lo pulses in a packet is proportional, for exam- 
ic Operation —€— of luminance. After such an algebra- 
divide, raise 15 s can (at any rate, in principle) multiply. 
With logarith powers and extract roots with inputs and 
pao UR thms, the: task I Jur plain sailing. So, the 
Brounded CO the brain and the computer is not un- 
How dà Sa ough it should not be pursued too far. 
do their aaria, to which signals come from receptors, 
any active el ating? For this purpose each cell, just like 
signals Mr of a computer, has its inlets (where 
Neurons, The and one output whence pulses go to other 
Whereas ilia re are generally many inlets, Or dendrites, 
Signal to iin is only one outlet, or axon. And so, for a 
Out. A n ransmitted to several cells, the latter branches 
euron’s dendrites play different roles. Some of 
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them make for excitation, as if flinging a weight on the 
pan of a balance, others hamper the activity of the cell. 
Scientists call the contribution of each dendrite to excita- 
tion exactly thus, a “weight”. 
So long as the algebraic sum o. 


f the signals at all the in- 
lets is below a predetermined lev. 


el, at the outlet there are 
this is not exactly so: many 
d activity", that is, without 
Periodically s 
O check the | 


ight-sensitive cel 


ls, so that 
€ result, 


results, or rather many 
J.Y. Lettvin, 
H. Pitts found 

es of absolutely 
‘tors. These cells are activated when 
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When it is motionless. Yet others signal when within the 
field of sight of a frog’s eye something small, dark and 
moving appears — a pray, obviously, a fly. And once 
Something» comes closer — the ranging, it seems, is also 
pne Of the functions of the special detector — the frog 
Immediately. attacks it. By the way, the same fly lying 
ifeless on the ground is completely ignored by the frog. It 
Will starve to death surrounded by quite eatable, but mo- 
vonless, flies, The frog's eye is thus such a highly 
‘Pecialized and not very clever apparatus. It transmits to 
mhe brain information about some properties of objects 
A thereby predetermines the actions of the animal ac- 
ending to the principle “small — hunt", "large — take 
refuge”, and so forth. 
c he eye of more highly organized animals, and of 
LS the human eye, unlike the frog's, gives no such in- 
tuctions, It reports to the brain everything about a pic- 
Ne Which can be transmitted (within the physiological 
Fb. 9f the visual apparatus, to be sure). It is a Loir 
fr munication line, but no commander. That is why 
im €S eye raised more questions than gave answers. It was 
of Possible to gap the bridge from it to the visual system 
ing; a mmals, Indeed, the earliest experiments on cats heye 
lated that the eye of that predator, who has a sp len: 
Celing of space, is arranged absolutely in a wipes 
9e Above all, its fields connected with the eae prs 
Sign absolutely different: not solid Lice is :: 
tire], Pat “two-step” ones. Nature designed each fiel ne 
9 Es With an ON or OFF centre and an external fiel s 
Bie function, Such fields are able to bring exe 
are. oS of an image, to enhance the contrast i in 
righ Of the picture that differ but sg gait dis 
vi k fess, A very graphic demonstration of it warpa 
it > 'N 1959 by the same Hartline. After his experi 4 = 
came clear why “Mach’s bands” come into being, 
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Ganglion cells 


Response 


In the retina phot. 
neurons that lie p, 
shown schematic 
area) to produce 
unaffected, A 

ganglion cell int 
geniculate body 


receptors form associations — fields — owing a 
tween them and ganglion cells, One such a field is 
ally here: light stimulates the internal part (ON- 
a Signal, whereas the external part (OFF-area) is 
reverse interaction Of the areas is possible. T 
grates the effect and relay, the Signal to the latera 


Ch.3. T 
- Traps for Detail 
s of 
the Image 47 


ON-centre field 


Res; 
POnses of 
th ; 
-areas e cells that integrate the signals from the ON- and 


s between areas of 


dges are produced 
just 


which 
T ine edges at the boundarie 
Y the fa guns in the picture: the e 
cause it į al apparatus for no apparent reason, 
It is ver s built like this. 
teure Ree that the retina 
information ot the contour contains t 
Y our Pus about an object, and we are 
ly of dubita sight" even the volume of pi 
been usin iar ones. Designers of TV syst 
& this property of the human € 


can distinguish con- 
he most important 
able to restore 
ictures, especial- 
ems have long 
ye to transmit 
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; i Tgy consumption, to make them less 
cid E Sig dr TV engineers have also be 
visite many methods of enhancing contours, Yu. Brau e 
Zolotarev in 1957 patented the method in which one 
two transmitting TV cameras is tuned to contr: 


ast, whereas 
i e 
the other is slightly defocussed. Further, from the imag 


Out contours of 
the world with t 
tours, 


t » the most interesting things started when 
in 1959-196) the American 


Physiologists D.H. Hubel and 
«N. Wiesel implanted ; i 


the retina, but 


€. This Outstanding discovery 


w experimen 
Earlier, to find a field associated with 4 ganglion cell, a 
simple signal was required, just a 


sharp beam of light. A 
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bright spot on the screen — that is what excites ON and 
OFF fields. Passing to the cells of the cortex, we must 
Present to the animal some more involved stimulating im- 
ages, for example straight lines and rectangles. But not 
Just any stimulus will make the cell respond. Hubel wrote 
that it took him hours of search to hit upon the lobe of 
the retina connected with a given cortical cell and to select 
Optimal stimuli for this cell. The reference to stimuli for 
Sach cell should by no means be taken literally, though. 
What is meant here is that the receptors of the retina are 
Connected to the cell in a higher part of the brain through 
à multitude of intermediate neurons. Owing to such à 
Connection, the cell responds to one pattern element or 
another to single it out. Scientists agreed to refer to visual 
fields by the name of those parts of the visual tract where 
experimental microelectrodes are implanted to study these 
fields. We have already discussed the fields of ganglion 
Cells of the retina, now we will turn to the fields of the 
Cortex, and later in the book we will acquaint ourselves 
With the fields of the cells of the lateral geniculate body. 
ubel and Wiesel found in the cortex simple, complex, 
and supercomplex fields. k : 
_ The simple ones are "tuned" to single out straight inn 
Mes. If such a line gets in the region of the retina where 
the field is located, the neurons of the cerebral a 
Start “shrieking”: «T see, I see." Once the line is remove’ 
Tom the screen, the cell is quiet, just like an indicating 


lamp, : 

The complex fields take care of the differences i 
brightness of the type “straight edge”, “angle”, oe he 
SO on, They also respond when the eye catches i odiy 
Object, thereby resembling the frog’s daerom. mas 
resemble. The signalling cells reside in the Mer com- 

€ retina, and this is indicative of the MUCI Dr the cat- 
Plexity and flexibility of the visual apparatus 
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Cortical 
neuron 


Response 
"h 
Ilin, 
The cortical field combines the gj i i 
cells to single out the Straight io E NR oem 
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results, the Soviet scientist V.M. Glushkov looked at the 
Principle of an electronic system that recognizes simple 
geometrical figures no matter how they are turned relative 
to the coordinate axes. He was led to conclude that to be 
able to do so, the “electronic eye” must above all single 
Out straight lines and arcs.) 
. The most fascinating, supercomplex fields single out not 
Just lines, but line segments of a certain length. Minute 
deviations of the size are sufficient for a neuron’s 
eig to be nil, the “lamp” does not tum Qu. A 
to "s €ctrode may hit a supercomplex cell whose task is 
Ct only to the information coming directly from 
et eyes and to keep silent if one of them does not see a 
Stimulus on the screen. A shift of the microelectrode a 
"ny bit deeper or sidewards reveals a neuron that primari- 
neu sponds to the signals from the right eye, and a 
“ron next to it that primarily responds to the left eye; 
ese neurons are the lamps that signal that an object is 
NOt directly in front but to the side. 
Cnetrating with their microelectrodes to the cortex, 
i "bel and Wiesel noticed one more interesting feature. It 
"rned out that fields that respond to lines and brightness 


differences of the type “straight edge” are arranged in the 


thea as “rods” of cells. To each rod, signals come an 
are elds that lie in about the same place in the retina ai 
tical poi in the same manner: say, they respond 7 bas 
n | lines and edges only. Their neighbour is a ro e 
"Céives signals from the fields of some other slope, an 
SO forth, 
ee fields in the cortex run into thousands, — 
en en: and millions. By overlapping one another, ey 
dts le the visual apparatus, using the same icem = 
its ess and detect the motion of an object and elemen : : 
Contour and brightness and colour, over the entire fie! 
Vision simultaneously. In the region of the clearest 
s 
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the line to Which it is 
Pulses of “b; 
to other cell 


set, the cortical 
ackground activity”, A 


S all the time while the 
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visibility — the fovea of the retina — the fields of form 
are concentrated; closer to the edges — the fields of 
brightness and motion, so that even by side vision we can 
notice a speeding car or a flash of light. These specific 
fields have been found in all the mammals on which ex- 
Periments have been conducted. 

Fields are inborn structures. Their cells — “lamps” have 
been found in the cortex of still blind kittens. The 
research workers, however, faced a principally important 
Problem: how are these fields organized? Are they the 
Tesult of the work of the retinal layers or else are sections 
Of the visual apparatus intermediate between the retina 
and the cortex involved here? Have the fields anything to 
do with pattern recognition? Many scientists, for example 
p: Lindsey and D. Norman, the authors of an absorbing 

ook Human Information Processing, are of the opinion 
that this is exactly the case: the picture is analyzed in suc- 
cession by simple, complex and supercomplex fields, 
Whereupon the brain reaches a conclusion as to what ob- 
ject is before the eyes. They do not provide supporting 
evidence for this scheme, however, and so the problem re- 
mains open. 

In the Laboratory, results have been obtained that 
enable a fairly consistent and promising theory to be con 
Sttucted for the workings of the visual system. Yes, fields 
are necessary, but not only those just discussed. Other 
lelds are needed as well, that are yet more important and 
concerned with more interesting and sophisticated Image 
Processing, Later in the book we will be looking at them. 


Chapter Four 


The Tree of Recognition 
of Good and Evil 


I saw in Louisiana a live- 
All alone stood it and the 
From the branches, 


oak growing 
moss hung down 


Walt Whitman 


In the room where Alexandra Nevskaya works, a subject 
is sitting peering into the eyepiece of an apparatus. He 
says, “A goat.” A tick is 


ged. Another click, “A hand,” 
answers he. A tick, a sli e, a click, and an answer. 
- The fifth, seventh, twelfth sub- 
ject.... Day in day out, week in week out. From the 
Teports the ticks are transferred to graph "sheets" where 
they are arranged in chains of points with average lines 


T a fleeting moment — a 


bag, a hand, an iron, Pincers, a win- 


dow, a face, a goat 
A moment... To 


T à moment a 
mple — presto! This. however, would be 
à game, not an experiment. But in a serious experiment 
this "presto? is not that Simple, 
Our eye is a 
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Then th ; 
tecelves only fn of retina, which contains about 400 rods, 
energy of dit c six to ten quanta, minimal lumps of 
Beneral. That is I of electromagnetic oscillations in 
Quantum is me ora photoreceptor to respond, just one 
hot only all but icient, because it is highly unlikely that 
same doce even two “particles” of light would hit the 
oral : ; 
C Mb esa: this result, adequately supported by ex- 
OPERI seer rte the eye in fact felt the quantum nature 
contrive to d ed to border on miracle: just how did nature 
the intend co esign such a mechanism? The clue came from 
like a dps A photon hitting a light-sensitive cell is 
The face r pulling a trigger. 
Dliotorece ke that the wall of the outer me! 
tion, a ii or — a membrane — is a miniature p 
Photorece; . generator. As long as no quantum 
ptor, the membrane passes nearly equa 


mber of the 
ower sta- 
hits the 
lly well 


sodiu 
m and meet : r 
um to the ogg: ions: sodium from the cell, potassi- 
. Each ion is an electric charge carrier, and 
“firing of a 


80 th 
pistol» bine produces low voltage. The 
Valve opens ges the picture. In the membrane a sort of 
ions, and he which sharply increases the flow of sodium 
structures of n the voltage as well. As a result, the inner 
nal — the ph the photoreceptor amplify the initial sig- 
And the zr oton energy — by about two million times. 
Pulses — n erimentalist sees on the oscilloscope some im- 
rival e response of the light-sensitive cell to the ar- 
Th of a photon. 
cess. UMOR takes much longer I 
Photorecen the “trigger is pulled”, the sign t 
ptor is fed to the neuronal chains of the retina 


withi 
in three thousandths of a second. The most amazing 
faithful to this arrange- 


thin; r 

ment here is that nature remains 

moll in visual organs of all living creatures, from 
usks to man. 


he actual pro- 


than t 
al from the 
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In consequence, the eye is capable of noticing even an 


as we have just seen, takes three 
But then, some time is also 
retinal layers, the optic 
various parts oft 


x 10 the higher Parts of the 
ntermediate Ositions of an object 
between Stills.) n j 3 


It was believe 
retina. The Frenci 
the 19th century: 
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Studio 

forex’ where th 
plates, adding E pt in en continuously ren 

I and erasin| them new layers of iecore 
s Eeriments, cmn the same time the old images n 
ie lon between th ver, showed that there exist ; 

B the retina. In e short-term memory and es piss 
di MON a ai as aen, the vision (not the eye) =e 
un second, it is nn. a time shorter than à ded 
Pr on rather ped to switch off the short-term 

ehe we find Ps Lo time of its action. But 
One, consisti es care of it. L i 

i stin . Let our film b i 
tines, a iting oie. three frames: a n E NE 
tg ihe: previous vog a network. Each successive Seed 
e blished fee. pene from the short-term memory, an 
c 6 üphardtus icf when a man peers into the eye! ylece 
i Gf open and ein: the frames with a rur 
Moog of time". The ose in the short-term memory, the 
"i hemar Edi rendi is now absolutely sure 
xu seconds as it i s the picture during exactly so many 
al dd the way os aud to him from control con- 
e € objects ds est eraser is a network consisting of 

E another, wn in an experiment superimposed on 
as b 
tecognition of a pi experimentally that t 
duration icture is dependen 
m Mans s but also E pese a pei d si 
^ d not know ex of pictures he is going to be shown. I 

Onds, à nor nd so I took one hundred and fifty millise- 

perience. mal time for participants without any €X- 
d if the subject i ili 

Pict er of picture he ex quis e ish e 
E ré Gut of two : pects to see. To distinguish one 

tenth of possible ones takes fifteen milliseconds, 

Subject. N what is to be expected from an untrained 

ow we increase the number to four, and the 


he reliability of 
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recognition time is doubled, with ei 
with sixteen, quadrupled, and so 
figures? 

It turns out that the dependenc 
X = 15 log,Y, where X is t 
milliseconds, and Y is the numi 
subject knows may be presented to him. 

A logarithmic function is a good sign. A living 
Organism "prefers" exactly logarithmic and related 


ight pictures it is tripled 
on. What is behind these 


is given by the relation 
he recognition time in 
ber of pictures that the 


your hands a yellow 
and you need another one 


just like i A ase 
Ike it. What is est way of conducting your 


Search? "e simpl 


« » - Yo 
yellow”, “hat”, “with a plume," Sow t 


quickly the 


each of these Steps, how 
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fast. wi 
Moe toward the goal! Schematically, this 
principle “sign ANION: that is, division according to the 
and so the meth bp sign", resembles a branch of a tree, 
tive. There is iod has been named so. It is higly effec- 
fences: the m Jake about catching lions in Africa using 
where a lion tinent is divided in two, then the part 
forth. To ES found is divided in two again, and so 
divisions odii a the predator in a cage 5 X $ mocs% im 
1S nearly 30 milli M although. the continent's surface area 
But back t ion square kilometres. 
recognition 7 yet visual apparatus. Does it really a 
volved — the the preconscious level (no logic is yet in- 
branches of time is too short) by travelling over the 
creasing the a tree? We can check this. Let us start in- 
the tg ii of pictures. If the hypothesis is true, 
cide with virage time obtained in the experiment will coin- 
But the predicted one. 
sought"? He is, at what stage are we en 
the number ow do we know that after some increase in 
kpeliment qim the dependence does not change? 
When is “th be then, of course, disagree with theory, but 
Jects in ilis w ? In general, there are hosts of various ob- 
Many pictu world, and we physically cannot provide that 
ing on an Ies, so that our experiment is in danger of go- 
Hare infinitum. 
inguine P comes from the least expected quarter 
Words th - Linguists say that there are only one thousand 
j at can be depicted in the form of common ob- 
“spectacles” 


chieve 


titled to say 


Jects of 

the type “bird”, “tea » house”, 
es the like. p ird", “tea-pot”, u: 

levskaya says: “Therefore, if I do not describe the set 


bject may expect any of 


ive this nu! 
is a 


ihe one to be shown, the su 
rain e He would hardly gh 
s » drawing on everyday experience, 

Order of magnitude. An inexperience 


t x : 
9 be prepared as well. Only the set of images 15 much 
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hi ho k they will 
larger than with t ose who know for sure: today y 
ar; 


i ituting one 
show me these eight well-known pictures, Substituting 
thousand for Y in the formula 


ur 
tree of signs”, If we have fo 


hat 
steps; eight Objects, three steps, t 
is, 45 milliseconds, and so on.” 


» Shape... W, 
when recognizing, right?” 


ook like? Answering this Question.is exactly the main ob- 
Jective of our laboratory, and in recent years we have 
been working at It. It is 


at when generaliz- 
memory, they dwell there 
a quarter of a second, and during this time the 
long-term, or main, memory Calls 


A the short-term one, and 
compares its Contents with wi at is available in the long- 
term stores, It is this Process that 

the tree.” 


resembles travel over 
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"Exactly. And then, the journey not yet finished, the 
Subject starts conjecturing and makes decisions using an 
incomplete alphabet of signs and ... makes a mistake. An 
umbrella, for example, may be mistaken for a pencil, just 
because they are both elongated." 

NC. how, then, does vision manage to recognize ac- 
y in a time much shorter than a quarter of a se- 
cond?" 

« " 
3t = this is wholly the merit of the brain, an example 
tiak uncanny flexibility. Presenting for some problem 

es it retune so as to achieve the comparison as quickly 
as possible. McCulloch, for example, believes that to 
make recognition easier, the brain construct a hypothetical 
dpa image of an object before the image appears 
f e retina. It is quite obvious that this is the case. Take 
ira RUP successful mushroom pickers who state that 
the e forest they try to visualize those mushrooms which 
u y are after. Another evidence favouring the 
preliminary operations” of the brain was provided by 
L. Toidze of Tbilisi. She established that if we are preset 
to receive some information, the reception threshold 
becomes lower.” 

“Why, then, do signs not interfere when I see several 
things? I now have in my sight this sophisticated piece of 
equipment, a chair, a table, and other furniture.” 

; But you see them not all at once but in succession. 
Simultaneous perception is just an illusion. The eye is, as 
it were, a “single-pattern” system. It is only able to 
Tecognize one image at a time, and then goes over to 
another one. It would not, of course, be appropriate to 
reduce the word “pattern” to mean a picture of some ob- 
ject. A “pattern” may be a scene. At first we identify its 
contents, and only then its elements. I shall show you five 
objects for a very short period of time and you will see 
only one. Later, as the exposure time becomes longer, à 
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second, a third, and so on, 
that case for the perceiver, 
jects is more important thai 
have here a picture: a fox 


Will appear. By the way, in 
the relation between the ob- 
n the objects themselves. We 


¢ Catches a butterfly with a net 
and a kid goat stands nearby. At a 40-millisecond ex- 


posure a man sees nothing, at an 80-millisecond exposure 
he says that “somebody raised Something at somebody”, 


c ees the butterfly-net and some, 
animal, and only at 320 does he identify the fox.” 


^How do you explain this?» 


i from the viewpoint of the evolution of 
the visual system. To Survive, our ancient forefathers had 
first of all to see that "somebody is bullying somebody", 
nd out the details: a tiger or a leopard. 
Y to danger survived, 
met with misfortune.” 


Chapter Five 


When We Cannot 
ay A, We Say B 


It is important that a traffic sign 's meaning 
be understood at first glance. 
D. Samoilov and V. Yudin 
Management and Safety of City 
Traffic 


The buila; 
Bon d Hie of the Laboratory are a bit off the road. 
then past en stop one has to walk through a village and 
Ysiology “ many premises of other laboratories of the 
arking. To stitute. From time to time one hears a dog 
Mongrel q the right of the road, in open air cages 
ogs are roaming. As far as intelligence is con- 


cerned 
poies ene are way ahead of the proud canine 
animals of exhibition medals, and as experimental 


é PSA aran studies they are at a premium. — 
Xperiments re not generally fed before an experiment. 
Morse] or require some work to earn an appetizing 
developed M And living in enclosures has already 
I5 not giv ome habits. If at a predetermined time a dog 
en a bowl with feed, the pangs of hunger will 


Come ; 
e in H 
Pectations ^ ie and the animal will be consumed with 


it will see several 
f them. One 
other simple 
he door lies 


e 
ors atk dog runs into the ring, 
Marked i white cardboard signs on each 0 
figure. E ay, by a cross, triangle, or any 
feed : Just a straight line. And beyond t 
Petite Reine of meat, to swallow it just to whet the ap- 

er. When the dog enters the ring next time, the 


Pictur, 
e wi = 
fing ;& Will hang on another door, and so it will have to 


lt agai 
failing] gain. Shortly, the dog responds to the picture un- 
s the door aside 


a Bly, i ory 
With its Pe hurries directly to it, pushe: 
Se and earns another piece. 
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It is now that the experiment starts. The horizontal line 
signalling “meat is here” is now in the company of other 
to the horizontal line, and the 
ce. But the dog does not waste 
nfidence it runs to “its” door. 


any "travel over the 
reference identification 


» in a minimal time possible, which 


T this we should give credit to the 


neuronal fields in the cortex, 


_ At the experiment, the dog learns to 
ify Unfailingly a simple figure. There is no reference 


he experimenter will 
ave developed for the figure 
» although no fields in the 
T vided for, es the ex- 
Perimenter fing this out? uite ime d the pane, 
in a idc One, are Teplaced by new ones, and the 
Y the dog to Feach the desired door remains 
the same (should there be no Teference, the time would be 
nt siete nang by the Workers of the Laboratory ex- 
Y things (| at a 
ability to perceive a taining reference, aia before Aes 
during training (consciously or unconscious] J, i eee of 
the most valuable ac the ete 


h quisitions of visual in 
higher vertebrates during their endless "s ene 


Path of evolution. 


the figure 
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With such a 

during a enda of identification a decision can be tak 
cordingly, tho ort time, nearly in a reflectoral wa ae 
Successful in see possessed such a power van ings 
a in finding P the claws and teeth of PORRO. 

e opinion of oe feed. The training-reference supports 
Programme ls per Kolmogorov that a shorter 
AM since the - that more valuable information is 
xg. thie: most reme a staggering ability to adapt 

és a picture im cmm gg may be derived 
Remember de training-reference can be developed. 

mong traffic si asily a skilled driver takes his bearin 

ner. For the Pam and how much pain they give a beg * 
Teflex, for th ormer it comes about automatically, b 
= allow € latter it is much like a crossword. But if 
qual, becaus a year, a year, we will find that both are 
reference, Usi e the beginner will have developed à 
recognize iind. references, a professional will in general 
Merge into so reds of objects, which for an uninitiate 

à logical ley qe qm shapeless, that requires reasoning at 
strument, A and perhaps even the use of a measuring in- 
eyond doubt man not used to dealing with bolts will 
only by 20 e MS and M6: they differ in diameter 
le necessary iue, But an assembly line hand will take 
ifferent ty rt nearly by feel, even if there are a dozen 

Why did pes of parts in a- box. 

A hi RE develop a reference for a figure in a dog? 
answered: WE of the Laboratory, Nina Prazdnikova, 
any difference wanted to ascertain whether or not there is 
Of figures and in the mechanisms of reference recognition 
may well a reference recognition of lines- After all, it 
training Ar that. lines, too, à dog accepts after some 
imately Wher bs just fail to notice it. We know approx- 
reference E the cerebral area that is responsib! 

the lines with various slopes lies- 


in- 


We per- 


5-667 
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recognition, we would ha 
tion was all for Nothing. 
tification turned from oi 
the tree”. The line refe: 


ute of the same kind (that is, for 
reference recognition), 

"But the training-reference worked out before the 
Operation remained, W] en another operation in the 
Parietal lobe had destroyed the mechanism responsible for 
that reference, the dog chose both familiar lines and 
familia figures only using *the tree of signs", 

“There are, thus, three different recognition mecha- 
nisms?” I asked, “The innate reference, the training-refe- 
rence, and the “tree”? 

"Yes, and t 


earlier th 
eft 


aTi 


TOughout the evolution?” 
erence, by 


orms possi 


> undoubtedly, much 
mammals €Y are older than 
pae 9 ie: i lo| 

a training-reference nor m impediri 
The only thi : 1 
z sorting out and 

ive S4nglion retinal cells. 
cow University has found that fishes 
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easily distinguish horizontal and vertical lines, for which 
Purpose they have receptive fields in the retina. But a fish 
almost ignores lines at angles of 45° and 135° whose fields 
are but weakly pronounced. One-month-old puppies, as 
we have established, also make use of sorting out as the 
Main mechanism of identification. At two months, they 
develop line references. Why? Because in dogs, like in 
Cats, it is not the fields of ganglion retinal cells that are 
tuned to lines, but the fields of cells in the cortex. In a 
Puppy who is only a month old, the cortex has not yet 
formed, and so he has no reference identification.” 

“What are the practical implications of this discovery? I 
Mean the redundancy of recognition mechanisms.” 

“Now we have, for example, given much more thought 
to experimental procedures. In studies of development and 
decay of conditioned reflexes, the main instrument is a 
Stop watch. It tells us how quickly a dog learns, after how 
many training sessions it runs directly to the required 
figure. Up till now, the tasks we posed for animals were 
divided into simple and difficult ones. Say, to recognize a 
triangle is simple, but to recognize an irregular 
Polyhedron is difficult. Now we see that once a training- 
reference has been worked out, the most difficult problem 
1S no longer difficult, it turns into an exceedingly simple 
One,” 


While I listened, it occurred to me: is the training- 


reference related somehow to the generalized image? 
Might a reference be developed by presenting fairly com- 
hs of a land- 


Plex images that defy words, say photographs © 
Scape? Nina Prazdnikova was not at all surprised when 
She heard about my conjectures: *Why not? Of course, 
Not for any pictures but for some of them a reference may 
be established. Such experiments have already been stag- 
ed." And she went on to tell me about experiments on 


recognition of the so-called "statistics". 


5* 
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These are sorts of figures, something like a multicellular 
chess design, but the black and white cells are arranged in 
a mixed-up way. The chaos is, by 


obeys some strict, mathematical, statistical pattern. 


esizing statistics we 
chess board” with a 


Tatio of black to white cells, a 

rder) also acquires à 

“first name”, a class, For example, class “75 x 25" means 

that 75 per cent of the cells are white, and 25 are black. If 

we deal with first. or Second-order Statistics, we can easily 

"75 x 25» and “85 x 15" or 
"65 x 35". Should the 


, the task of 
P to bees! This must be a 


em, if creatures that are so far away 


geniculate body. Thi 


5 was discovereg 
Moscow scientist, 


0. Levashov, of 
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Soils di 

s differ in thei icti 

A eir si c isti i 
recognize them tatistical characteristics, and even insects 


T MD 


Thes 
e con el " ien 
nputer-synthesized second-order statistics are distinguished 


even by bees 


trol 
of the USSR Academy of Sciences, experimented with 
med the role of the 


ele 
EUM models and totally confir 
st ptive fields of the lateral geniculate body's il 
atistic recognition. 
oon everyday problem 
the discrimination of “ 


summoned such an acute need 
“chess boards”? Most obviously, 
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Fifth-order (left) and eighth-order (right 
but the top and bottom Pictures see; 
percentage of black and white in t 
Paratus is unable to grasp the difference in higher- 
order statistics 


of light and dark Spots, first- or Second-order statistics. 
Why am I so sure that there are Only these two? Beodtse 
higher order statistic indistinguishable to man and 
animals. At this level the di ferences are so unclear, no 
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os of classes, “names”, is possible, and 
the Brine with different “surnames” are mixed up. At 
to take ege experiments indicate that the brain is able 
itself EAS. account the statistical nature of pictures, and 
terns, s to be constructed following some similar pat- 
Pn ape of animals to distinguish statistics poses 
tween re of whether or not there is some relation be- 
of ls Saca and strange, although fascinating, habits 
was given "s = A picturesque description of those habits 
for deciph y Karl yoi Frisch, who received a Nobel Prize 
Pos iphering the "language" of the bees. Males of one 
mus. genes of weavers, birds of the sparrow family, 
of gras Men nests by artfully weaving à sort of net out 
particul lades. But, writes von Frisch, “the female is very 
usbai eg If she finds the architectural proficiency of her 
Anges inadequate, she rejects his passes, makes him 
cordin: € the nest and start everything all over again. Ac- 
fnt. to the scientist, "the male operates not only by in- 
ailures but he also learns from the experience of his 
repite. Yet more amazing are the habits of other 
deco, entatives of the sparrow family, bowerbirds. They 
ties rate their nests with “garlands of bright flowers, ber- 
othe Parrot feathers, bottle caps, glass fragments an 
er bright things the male happens to collect near 
uman dwellings. As a final touch, the male may even 
Ace the nest inside with bilberry juice, crushing be i 
ike his bill. The work finished, he steps backwards i 
ap Deuter cating à last critical glance at his Cre 
the Without any hesitation rearranges flowers 
colouring.” 
Ns. is one to make of i A 
b etic feeling? Why not? Why should not : 
eautiful be associated with some statistical 
Speaking about beautiful products of art, 


t? Is it the 
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“proportionate”, “harmonious” — you notice the hint at 


some units of measurements we use subconsciously? An 
important thing here is that for Statistical identification we 
do not need, like Salieri, 

art, for that matter) * We know that only in 
is beauty able to manifest 
ence of this wholeness is 
slips out of one’s hands each 
O it is found, 


conceived after the fashion of 


€ experiei 


They maintain that "the perception and the 


€ beautiful evoke disinterested 
a sensation of freedom. " They 
al experience of the beautiful is 
Xactly because in it merge personal and 


We have alread 

A s i Y noted all 
“tables” there exists the generalized ein qs pe 
Perhaps also for “beautiful” for all kinds! vip: ts 
a generalized image Provok M ue 


: ing the same ions to 
which the Encyclopaedia refers? There are oe S 
such a Possibility. We know that all our iue xin 
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municate in the same language — the language of im- 
pulses transmitted along nerve networks. Could not it be 
that the similarity of codes lies behind the fact that critics 
sometimes try to express their appreciation of a piece of 
art using the terminology of another art and even the 
language of emotions that have nothing to do with the 
atts in general? We thus have «full-blooded painting", 
loud colours”, “dull sound”, “carefree melody”, and so 
on and so forth. We all understand (or rather perceive, 
everyone in one’s own fashion) what exactly the art critic 
wants to say by his metaphors. But does it mean that he 
managed to express the gist of the matter? That he has 
found the formula of the beautiful? But the generalized 
image of the beautiful piece of art (much like the 
Seneralized image of a photograph that we cannot 
describe in words but easily distinguish from others) is ex- 
actly perceived by a member of the audience or a reader, 
and by the authors of works of art, who are generally 
unable to give a satisfactory explanation of why precisely 
this word, precisely that touch of a brush should be used 
in a given place. “It is better this way,” they normally say. 

This of course does not mean tO suggest that the 
generalized image is something mystical, that exists 
beyond time and reality of man, beyond his work and 
contacts with other people. Nay, it evolves exactly in the 
labour, in social intercourse, in everything that is called 
by the all-embracing word "life". You cannot otherwise 
explain why the beautiful appeals to hundreds, thousands, 
Or even millions of people, who sometimes art separated 
not only by thousands of kilometres but also by 
thousands of years. Unquestionable are the definitions 
Biven by the Russian literary critic Chernyshevsky: the 
beautiful is life" and "beautiful is that creature In which 
We see life such as it should be according to our notions". 
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Chapter Six 
Cycles in Dress 


Fashion, the proud goddess, 
On the knees before thou sink 
Servant-girls and duchesses. 
Even today’s monks, 

Fighting you in word only 
Sport their novel cassocks. 


S. Gnevkovsky (1770-1847) 


w : 
Mis spring will be the logical continuation of the 
hions of last year. Sporting style and dress outfits will 
Pul vogue, The most characteristic silhouettes are fitting 
all n and straight. The length of suits and dresses for 
ccasions is below the knee..." 
2 ch reports appear in the mass media at least as many 
Be je there are seasons in the year. And each time 
« Odellers with the same vehemence assure us that the new 
dashing fashion, our tyrant” (in the words of the Russian 
Ee Alexander Pushkin) brings out the “most winning” 
pects of our figure and personality. The garment experts 
o munand trying to rationalize the narrower Or wider 
fun sers, the shorter or longer skirts, and to find some 
ctional reason in this unending renovation of the suit 
(not only the suit, for that matter, but also hairstyles, 
urniture, and the bodies of passenger cars). Some even 
80 as far as to say that fashion—yes, fashion, not 


Style!—"harbours in it the social signs of a given society". 
ere we can only throw up our hands: the height of the 
significant 


heel or the length of the skirt must be socially 
Signs? And what if the members of different social strata 
Wear the same kinds of skirt? 

Seriously, now, let us not confuse the large-scale 
Changes that make epochs with vogue, which is only light 
tipples on the surface of the ocean of style. Indeed, when 
Sharp changes are to be seen in the style of the dwelling 
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interior, the style of dress 
the style of industrial de 
some social processes, 
and the very globe. 

We have no diffi 
Ancient Greece fro 


» the style of human — 
Sign — these are sure signs o 
» Shattering countries, continents, 


culties in distinguishing the style oh 
m that of Ancient Rome, the Gothic 
*ntury from the modernism of the late 


20th centuries, the baroque of French 
absolutism at its height from 


the style of rococo: the French Revolution with its austere 
dress of the Jacobian: 


claimed the Motto 


the huts, war to the 
Dalaces!?, The cumbersome frocks of Russian boyars 
became, at the time of Peter the Great, symbols of 
backwardnes; 


s and reaction — we 


can hardly be surprised 
at the passion with which 


the young Russian tsar 


S of commissars and red kerchiefs of 
ommunist Women being Just some of the distinctive 
marks of the new era of humanity, 
Admittedly, 


it Would be a vulgar sociologism to see in 
le only the j 


8e in styles, 
Ok nearly 


CI 
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ta. come i. 3 
reduced x ^ 2 18th and 19th centuries the cycle was 
Years. In em -30 years, and in the 20th century to 10 
Styles domin s and household appliances, the followin 
the er rapi successively: the “constructivist” style of 
Ornate “anin the “streamlined” style of the 1930-40s; the 
“classical” se a = of the 1940-50s; the austere 
eee er pe 
m plugs. with tra quads: mod a style period, 
[on des oi people rding to the ever- 
; eeds? 
still used SN be sure, not utilitarian. Clothes are 
eeeiver to li À nudity, the car to ride, the radio 
With purely oan in (here we ignore changes associated 
Vent of tran DEInCering innovations, for example, the ad- 
the novel Bicis to replace vacuum tubes. In that case, 
the harmon pearance serves as an excellent illustration of 
Also, thi y of form and content). 
than the a dynamism of fashion re 
duet hasc of the producer for higher sales of the pro- 
Teason, is da this motivation, without any good 
Vogue), €— as the only driving force of change in 
designer is si is no denying, of course, that at times à 
the tastes EN asked to “make it good”, to appeal to 
Oss. Thus : y consumers, and more frequently, of the 
gifted desig styling made its appearance. But as ever more 
Work Sat Gane appear on the scene, the products they 
And witho egin to affect the consumer to a greater degree. 
uence perm it, the consumer falls under the in- 
evoke in ma est etic merits of a product. These merits 
Problems o n new desires. The preface to à book named 
the erri Design says: "Imperceptibly industries, an 
tional ied become dependent on esthetic needs, the ra- 
irrational. į of production becomes supplemented by the 
so it is : intuitive, personal, cultural, nonfunctional; and 
evealed that the economic system and industry 


flects something more 
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red not only science but also the arts." In short, the in- 
Onsistency of fashion answers more to the esthetic, than 
to practical needs. “To be modern” belongs to the 
c Of esthetics and morals. : 
desi he form appears as a specific sign," write the 
esigners M. Fedorov and Yu. Somov in their book 
Evaluation of Esthetic Properties of Commodities. Really, 
i Perceives the shape of an object, somehow or other 
ti Ponds to it, and this reflex is based on intricate rela- 
Ons between personality and the world of things, and not 
things alone. Professor L. Petrov of the Leningrad In- 
stitute of Theatre, Music and Cinema maintains that 
fashion is a special way of communication between peo- 
pe The simplest example is the military uniform: in 
Varfare it tells at a distance who is approaching, a friend 
s enemy. Any other uniform, be it stewardess, waiter, 
ti wayman, or policeman, is a sign that illustrates the en- 
Te variety of relations of a uniformed man with us and 
eee a sign that is very clear, exact, and hence 
*conomical in the sense that it condenses a vast volume of 
information in it. And the youth (and people of any age 
group in general) by their clothes, hairstyles, and 
behaviour even at a distance, as it were, give a signal to 
Other “birds of a feather”. 
According to Fedorov and Somov, in the human brain 
are worked out standards of beautiful and ugly things, 
criteria that are derivatives of man’s individual and social 
experience. On the basis of these criteria, we generally 
subconsciously estimate the esthetic merits of what we see. 
This, of course, does not exclude the possibility of revis- 
ing our preliminary attitude at a later date, when we pro- 
ceed to a logical analysis. But at the moment we are in- 
terested in the standards, not the revision. ! 
Standards — that is an attraction of the hypothesis of 
the two experts on esthetics. How close is this to what we 
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with the Workers of the Laboratory? 
Admittedly, the Standards 


there wer, 
-reference. 
assumed to be not esthetic, 


* called generalized 
their Objective was 


S, and 
but. strictly practical (just 
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recognition), An interesting parallel stands out: could it be 
that the changes in fashion are a response tO the 
emergence in man's conscience of a training-reference, 
tuned to a given, frequently occurring form? 

Really, earlier, when there were no references, we 
travelled over the “tree of signs" to identify a new 
Silhouette. We did it perfectly subconsciously, but still did 
it. And could it be that the discontinuation of the “work 
of Selection” produces those disagreeable sensations — 
discomfort, boredom, emotional dissatisfaction? And it 
may well be that the- first to grasp such hints are the 
modellers, artists, designers, that is, those who, by virtue 
Of the very organization of their mentality, are able to feel 
uneasiness sooner than others? To feel and to do 
everything in their power... 

Perhaps then, love at first sight is just another reaction 
to that standard, but now positive? 

Much comes to mind in association with fashions, beau- 
ly, and standards. So the director of the Institute of 
Social Psychology of Strasbourg University A. Moles 
holds that the charm or unpleasantness of a man is 
related to insignificant deviations of each element of his 
body from the common scheme”. Recall the Sperm 
Who passed a law prohibiting men to wear clothes of por 
Our unbecoming to men". Or Pavel I, that denizen O 
Parades, who was out to level out everything: 


The size for hats — an inch with a half, 
Henceforth do not wear as you please -- 


But, to summarize: it is high time to have pity on 
fighters against the vogues, who fight against the den 
Natural sensation of man, against “tiredness” i ici 5 
feelings, tiredness of monotonous, familiar in ornano, 
Of course one should not allow the prodit Mim 
too far, True, it is difficult to e w 

far”, 


determin 
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Some of us remember times when females were not 


allowed to enter restaurants in trousers, [ cannot forgo 
the pleasure of quoting from a book On fashions issued in 
1959: “Sometimes we e 


Ncounter in the streets girls and 
young women in trousers, But to appear in trousers in the 


Street, at a meeting, or at College is bad manners — it is 
girl or a woman may have on 


“The state is me,” for 
emale hairdos, But he could do 
Sana Aer how he tried. When the 
andwich came to Paris with his pret- 
"es A air done low, all the ladies at once 
by the fact that wher’ Was sate. “Frankly, | am insulted 
came Out against those’ bringing to bear all my power, 
any desire to pleas. > chases, nobody showed 
Some unknown Engli Sing them, But now comes 
tex, even pings ee us Suddenly all the 
other!" one extreme to the 
“All you Wrote," 


Soviet dress designer told me, “is à fad i agen 
ment of what occurs in the world o fasl feet pests on- 
ly like to comment on its role in the continuation of the 


Vyacheslay Zaits 
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rman d you love and are loved, you want to im- 
timed rus ject of your love. 1f, unfortunately, you are 
role 6F Ta you want to impress all the more. And the 
RUM we shions here is colossal. What is more, man is a 
fom ELM In surrounding nature, things change 
the cer to season, and in man as well. "Fashions of 
of merdisie are no freak, but the external manifestation 
lu the E to note the changes occurring in nature and 
tensors. i mer organism, a desire to be in accord with 
Sieme esire to feel friendly glances on you. We are 
inthis st sensitive to how we are looked at, and women 
i inen ur are the most subtle pressure gauges. Friend- 
pily, fin eges us, bring forth the desire to live hap- 
without ely, a desire to work efficiently — this goes 
change apo The idea that one of the stimuli for the 
MEAG b ashions is the tiredness of perception seems to 
ROE e absolutely unquestionable. You know, when you 
i VEAS n a new set of costumes, and this takes about half 
ex ze many clothes do not seem as interesting near the 
wets s they appeared in the beginning. However, if this 
not so, I would be horrified: do I really stop in my 
development?" 
nae the author wanted to 
fashi ns. But his wife said, 
Shions? Why not a word about 


is no such thing?” 
Alas. But the problem of what is good and what Is bad 


in the world of fashions is more confused than elsewhere. 
one side of the 


leave the subject of 
“And how about bad 
them? Or, maybe there 


e French poet said,“the truth is on f th 
yrenees while lies are on the opposite side." One thing is 
tress one’s alleged 


Superiority over other people, he desire 
to show off, this vogue is und 
is because here esthetics en 
different begins: shop window, Và 
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And talk about fashions is bound to lead us to talk 
about the personality, To Seem or to be? One of the pro- 
minent designers of our days, George Nelson, noted that 
the vogue is no vitamin and no miracle medicine, and so 


it is unable to turn a boring, dull and miserable life into a 
meaningful and bright one, This is only up to the man 
himself. To seem or to be? On our answer to ourselves 
ple will accept the fashions we have 
after all, for the people 


ords about ourselves. 


Chapter Seven 


The World Is Made 
Up of Details 


Mix butter into flour with fork until small 
clums form. Stirring constantly, add cold 
water to the mixture until one large ball 
forms. Refrigerate one hour. Roll out 
dough. 
Old American 
cooking recipe 


unm 1960s Alfred Yarbus performed experiments 
other af now become classic for those who somehow or 
form ES concerned with. the studies of perception of 
Various space. The experiments initiated à large series of 
of wh studies, which added much to our understanding 

O at it means “to look at the world”. 
wee eye of a subject a small mirror was fixed and a 
while en traced on photographic paper the eye's motion 
obtai the subject was examining the picture. The tracery 
of ained indicated that the eye does not follow the outline 
omes object (alas, even now in some books we read 

etimes that “the eyeball moves in accordance with the 
Contour”), but makes strange, seemingly chaotic jumps. 
As the recordings are superimposed on one another, some 
Curious patterns come to light. 

The first of them is that maxima of attention lie at the 
Most important centres in the picture. Specifically, a man 
Or animal is always going to be such a centre in the pic- 
ture, even if the picture is devoted to something absolutely 
different, say nature or machinery. Faces of people are 
more meaningful for us than figures, and figures have 
more significance than details of the environment. When 

rests his glance 


Viewing a portrait, a spectator primarily 
On the eyes, lips, and nose. The same elements — eyes, 


| 
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This is the Way we watch Nefertiti 


nose, 


and muzzle — are 
beholder when 


ment, and so on,” 
guilty conscience, noted eve 
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Yes, the movements of the eyes reflect our thoughts. In 
one of his experiments, Yarbus had subjects look at the 
couse Unexpected Arrival by the Russian painter 
Fit with different “settings”, and asked them to solve 
arious logical tasks. So what? When it was required to 
Pres the material status of the family, more attention 
sn an to shee Fori and layout of the room, which 
estimat y was virtually overlooked. When asked to 
trated S the ae of the personages, the subject concen- 
from hagas on the faces. Fast shifts of the eyes 
and a " faces of the children to the face of the mother 
back ack to the face of the newcomer, and immediately 
Ph unt Dean path ap such is the solution of 

e problem “How long was the one who had not been 
expected absent?" The disorderly wandering of the eyes is 
an attempt to remember the arrangement of the people 
and things in the room. 

Unexpected Arrival is a well-kn 
and abroad. And it is all the more interesting that dif- 
ferent people examine it in a different way. Patterns on 
photographic paper testify that although the elements of 
the scene attract the attention of different people generally 
in the same way and in clear relation to the “setting”, the 
paths of tracing the elements by the eyes are different for 


different people. 


own picture in Russia 


Everyone sees the world in a different image, 

And everyone is right — 50 much meaning in it. 
said Góthe. The individual features are 
When a man looks at the picture now; in three days or in 
a weak, the mirror tells us that the path of his glance 
changes but little. “In essence, the Art is a mirr 
reflects the one looking into it." These words of Oscar 
Wilde are sometimes comprehended as à desire to "express 
oneself in a more showy way”: It appears that they are 
supported by some documentary evidence. 
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= oo 
A ee u E a 


This is the way a chess player analyzes the board when he (a) 
assesses the situation and (b) looks for a good move 


eyeballs is dep 
tion — one pattern, j 
tell whose Position is another pattern, When 
looking for a Solution, the eye is mostly attracted. by 
"functionally Significant Points” 


the Position, and 
therefore large areas Of the board are c 
by the glance, And w imati 


Ompletely ignored 

h estimating the situation, the 

“fixation points” of the eyes are distributed al over the 
board. 


1 h fragment Of the position 
that attracts his attention for about a Quarter of a second. 
The same period Of fixation in Teading (Prose or verse), 
was noted by 


> $0 that the chess board 
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lor a grand-master is in fact an open book. A quarter of 
second, as you remember, is needed for the short-term 
Sin to compare the information with the stores of the 
in fa erm memory. We thus get another piece of evidence 
i vour of the hypothesis of the generalized image. 
id what if this time is too short because the text at 
Needs is difficult or emotionally-laiden, and the reader 
tions? poe time to ruminate and call back some associa- 
or 5 hen the glance sticks for a longer time, but again 
Th Period multiple of a quarter of a second. | 
etin volume of information transferred during that 
ipei moment to the long-term memory is critically 
Stand cent on age. A six-year-old is only able to under- 
old s a minute not more than 70 words, and a 25-year- 
whe ite “swallows up” 340. Why? Because the infant, 
So} 4 reading a 100-word text, lets his glance rest upon 
mething 240 times, and 55 times he comes back to what 
baie just read. But the student stops 3.2 times less fre- 
t pud and returns 5 times less frequently. dicor a 
oy, it scientists V. Zinchenko, B. Lomov, E. oke 
thin and M. Shekhter, experience enables one to P ra 
si 8s of secondary importance, to combine severa : 
Mple signs into one complex "sign". In other words, ex 
oe changes the very alphabet in terms icr 
wee are identified. That is why, although am um id 
effi rest is essentially the same in infants and stu ents, > 
ective rate of information processing in the higher parts 
i the brain increases drastically. An adult thinks ae 
an a child, not only due to a higher general develop: 


Ment, not only because an adult's memory is qp 
Nowledge e the inner structure O 
ge, but also becaus: information 


Tain improves and the ways of representing i m 
Perceived by the sense organs become more cu d 
hy is the mirror tracery SO stable? After Yarbus 


h AA 
Periments the ball was carried on by the America 
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e fixing 
physiologists D. Noton and L. Stark. e €: bete 
not only the overall pattern of the trace, ehe A point. 
quence of the transfers red at par paterns in 
Soviet scientist, absolutely = 
able. In the opinion of the 
encounter with an object, Mie 
S glance, mapping out the ee 
Ocess, the visual memory re er 
acterize the object, and the bre : 
from the eye-moving muscles. “bs 
ms, in which the visual and moO je” 
- In the next encounter, the "ci 


8 the picture, 
What formal signs 


Ing cat the Points thay 
Portant to com 
Points turned Out, as j f the 
points of the Maximal Curvature in a given area O 
outline. The Scienti 


Ap t im- 
t in their Opinion are the mosi 
Prehend 


n 

Stylization are per E^ 

» in carpet making, an ve 

not obliterate the soft edis 
animals, which the mas 
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i e 
ize it all th 
e recognize 
n t we re 
ight, bu 
ines are stra 

The Ettniv cat: all the lin 
Same 


con- 
ions of 
intersecti: A on- 
vature points and of pay peel 
The maximal cur of the function such as the arr il 
Hig ae ep sedilia nm aee rn 
tent, tell us t e fu ce. This irements, S 4 
: i A ^ rem : ear- 
E of n N bs bibas af finding yep 
When, et me capable cies of 
came to grip à determining the a yramid?" 
ings in Space an meras. small p; bs 
i i ;" — telecai the cube, 
"Sing their “eyes” as lie beyond a large green 
“Does some large o [a red block, TA 
“Yes, even oda oni the green € 
and a blue aod smallest block 
"Now put the 


Which the pyramid stands. 
“OK.” 


id.” 

yrami 

mallest p 

uh dil man who 

"And now put on ; sib an who 
“OK.” ialogue? Perhap objects and et 

is the dialog forms of lationship 

With whom is colours: or colour rel 

Poorly sie paps spatial an 

35 being introduce 
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> h<e> 


Fork Arrow intersection 


KAY * 


i i ; ; i : 1 i ion 
X-intersection L-intersection K-intersection Multiple intersect! 


1 " 1 ions 
The eight nodes that exhaust the variety of contour intersection! 


things? Nothing of the sort. 
robot, published as carly as 1970. You see, a “soulless 
automaton”, as were once called cybernetic devices» 
distinguishes Colours, size, form, and arrangement. How 
the machine accepts the first two signs can generally be 
comprehended. We are now well acquainted with colour 


television, it is also not Very difficult to measure the area 
of the image on th 


© Screen. But how about the form an 
arrangement? 

When one thing blots Out another — the commonest 
case — their contours intersect. It would seem that this 5 
bad: well, the eye sees only a part of the object, not all © 
it. But precisely this gives the vision a body of very useful 
information. 


This is a dialogue with 2 


At intersections, or nodes, may converge two, three, Of 
more lines. It has been established that there are not that 
many types of nodes, eight in all, 
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likely to belong to different objects. A “bifurcation” in- 
dicates a convergence of three surfaces of the same body. 
But an “arrow”, which differs slightly from it, suggests 
that two surfaces belong to one object, and the third, to 
another, maybe to the background of the scene. 
Recognition rules introduced into the computer memory 
of a robot, provide for its orientation in space: lines — 
nodes — zones — surfaces — bodies — overall scene. 
ue is the deciphering method used by a computer. And 
re about a human? Apparently nodes are very impor- 
i for him, too. Making use of them, he turns flat pic- 
ures into three-diniensional: ones, visualizing (as a rule 
Subconsciously) the arrangement of objects in space and 
Volume forms of bodies. 
fi That this is the case is suggested by the “impossible 
Bures" which normally baffle the uninitiated. One of 
them is Penrose’s triangle. A glimpse at it reveals nothing 
Special. Its three angles (it may be that these produce its 
generalized image) prepare you fof a well-known picture: 
à volume triangle nailed together out of three bars. — 
The situation, however, will become more complex, if 
YOU set out to reconstruct its three-dimensionality using its 
flat view. The brain does not accept the reality of this flat 
figure. The eye wonders over the outline from one apex to 
the other, going ever faster in a circle, giving no clues as 
10 the solution of the problem. The triangle still remains 
Outlandish, unreal. Why? 
As early as three centuries ago Descartes gave the follo- 
Wing description of the acceptance of a complex image: “If 
by way of independent mental operations I found the v 
lios of 4 and B, of B and C, of C and D, and lastly of 
and E, this alone does not enable me to understand aa 
relations between A and E. The truths comprehende 
Carlier will not give me accurate knowledge of this, if I D 
Not able to remember all the truths at once. To help the 
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situation, I will from time to time go over these pay 
and stimulate my imagination in such a way that, ede 
have conceived one fact, it will immediately go over phe 
next one. I will go over the procedure until I learn to si of 
from the first link to the last one so quickly that € 

the stages of the process will be “hidden” in my memo hs 
and so I will be able to take in with my mental sight t é 
entire picture at once,” Remember that the brain uses d 
proximately this scheme to control the motion of the d 
by the very motion that Yarbus first recorded on pho 
graphic paper. But in the case of an "impossible figure", 


this generally impeccable method fails. 
Let us see why this is 


tience, but eventually wi 
blessed with the myste: 
but of othe: 


“impossible images” as well, je 
Let the intersecting surfaces 3 and / of our triang 
forma T type node at i 


- Accordingly, ipic e 
NOW pass to point C: again t 


consciously, but in g € just constructed a 
model of a device that, Quite obvi 
in some other manner, but essentially leads to the same 
result. 

Where do we go from here? It appears that something 
radical is required, that is, to discard One of the facts (the 
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it? We try hard to 
‘onal one, and only 
“tricky” angle 


Penr, 

: ‘Ose’ i 

imagine see. What is the secret behind 

looks this i» a flat one. But it is a three-dimensi 
ay because the painter viewed it from a 


ous knowledge just 


unex 
Pected paradox is that superflu 
ny of the vertices, 


am 
prete raged with your finger a 
transformati € upper one, and you will witness an instant 
tom the ion: the sides of the triangle will "spring out” 
figure int plane of the page, making the pseudoplane 

come © a three-dimensional one. All three bars will 

mea PAM to one another! 

Y the D such as Penrose's triangle, have often been used 
May se utch painter Moris Esher. Not infrequently you 
Some gs his pictures waterfalls “streaming upwards”, 

mysterious buildings, a ladder going always down in 


J, e 
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pp 
CMT 


The ever desce 


nding stairs 
ture as a closeq 


due to the angle 
convergence 


ruc- 
» Here again we tend to regard isch is 
figure, although it is apparently not. The: ecl 
from which we View the stairs and the persp 


a closed ring, ngeness of the-picture is uncovered 

using the above techni j 

i ing a s 

the perspectives meet 

sophisticated tricks of 
And now we will = 

perceives the world in fragments? Why do we piec 

together the whole? Wi 

single-image System, it 

the other hand, the co! 


the master, 
Pose the 


Ch.7. T 
he World Is Made Up of Details 97 


notion of 
without aig pi band that a line is able to transmit 
is 75 herzs e For a telegraph channel the band 
quires a bens the natural reproduction of a voice re- 
requires aoe band of 8,000 herzs, and the TV signal 
quency band, th million herzs. By analogy with the fre- 
measured. TE e throughput of an information channel is 
the number r unit used here is not the herz, that is, not 
binary digit of oscillations per second, but the number of 
fand. s of information, called bits, for short, per se- 

hat ; 
represented a the binary digits? Any number may be 
$0 On. For c raised to a power: 20 = 1,2! = 2, and 
distinguishes eie und it is believed that the human eye 
brightness there 250 to 300, that is, about 28, shades of 
information " exponent here signals to how many bits of 
its. If there ach gradation corresponds: it equals eight 
each of them Were: a million gradations, the “price” of 
_And furth would increase nearly to 20 bits. 

tion: they er some scientists make the formal c 
of light-se multiply these information units by the n 
nsitive elements of the retina, and then b 


alcula- 
umber 
y the 


Tequenc: ; 
flickering. rum the image perceived by the eye stops 
ey thus arrive at enormous figures for the 
3 to 200 million 


through 

È Pra visual apparatus: from 

ut s e: : 

authors ae this arithmetic be reasonable, counter the 
tens of milli nformation and Vision, we could “perceive 
Points: no un of chaotically distributed black and white 
ment there oubt, in the course of the evolutional develop- 
Mous thr was no need for a system with such an enor- 
i oughput". In fact, experiments show that the real 


igure |i 
lies somewhere between 10 and 72 bits per second. 
tely the same both for 


y the par 
e vers this figure is approxima! 2 
io and for the ear (for the eye it is somewhat higher). 

are such small figures to be int sidering 
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erpreted con 
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that we perceive a TV image, whose information awe 

is one hundred million bits Per second? This contradic 

is just apparent, however, 
The absurd millions o 


are 
f bits of throughput that ar 
allegedly characteristic o 


E 
f the eye come from the ea 
mation theory. Meanwhile, oi 
that, above all, one sho 


characters in it. Only then 
- And if one goes this path, 
Presents itself: what have 
e number of photorecentort 
l apparatus really spargi 
Y transmitting to the higher parts of t : 
brain information about brightness differences between in 
dividual light-sensitive retinal cells? By no means! The 


à £ nal ci 
brain receives the generalized image of what has bee 
seen, 


We are now left with the following: if we present one 
character of a 32-character alphabet, try as we might, we 
will not be able to transmit More than five bits of infor- 
mation (32 = 25), With our one thousand various 
generalized images, the informational value of each is not 
higher than ten binary units (1024 = 210. And since the 


for any of these images, or the alphabet 
150 milliseconds, 


the question immediately 
brightness gradations and th 


Is the visual 


to be constant an 
not very large at that, it Corresponds to the eye's 
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POssibiliti 
> ities i 
tion devi as an informati 
levices wi rmation system (j 
à with h y (just as com i 
to produce pe pe scanning rate make it pasible 
S; the fi y economical TV i i 
hee iua transmissi 
ngincer A. Ko uch system was suggested by xp e 
But what h nstantinov as early as 1933) icon 
sight į a i : 
e ignores? ciim with those image fragments that o 
NL Everything Thaps we do not see them? 1 100K e 
ty using ied i ein that the brain just invents oe 
: eyes and left th ns of pictures that have passed before 
rio Demory, The sap imprint, maybe subconsciously, in 
He BS, tlie mire ore capacious the stores of our visual 
= new that Fe et is our comprehension of what- 
Power of RE into sight, and the more complete is 


Linh 
ale grea 
Th great draughts of space, 


€ east a 
andthe 
west a ine, a 
t are mine, and the north and the south are mine. 


I wi 
ill re, 
cri 
uit for myself and you as I go. 


s I go, 
g them 


I wi 
ill s 
ill scat 
Will toss p miysett among men and women à 
ew gladness and roughness amon, 


ow | 
see the seci 
s i 
ret of the making of the best persons, 
earth 


wr 
At at Whitman. 
visi same ti ! 
ta makes ig does not mean to imply that our 
vol On js t ith "pieces of images" alone. The first 
Ee Umes are B orn by other fragments. outlines and 
E B, and oa bos by multiple passes along different 
im. hours view Medien rich image emerges. So we can 
"i es over and e great canvases, returning to them many 
ession of a notice amazingly the freshness of the im- 
i emembe: seemingly familiar scene. 
Old us ab r our encounter with Alexandra Nevskaya, who 
accordan out the “single-image” syste™ of perception in 
ce with which our visual apparatus works. There 


T 
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this property was uncovered 


using experiments based on 
one technique, we have 


just come to the same conclusion 
by considering other experiments conducted by different 


workers. What can be better than confirmations coming 
from distant laboratories? 


The sequential nature 
related to learnin; 


es are uncovered. The Russian 
humorous writer Koz'ma Prutkoy stated with an air of 
profound wisdom: "There is no great thing, that cannot 
greater thing. There is not a thing so 
Ot hold a smaller 


cal figures, one 


gures are the most probable, and the 
en? 


Broup is told which fi 
other is not. What t 
examined indefinite| 


ly (in other Words, the comparison 
Process does not di i i 


have not been given Clearly, this specific 
feature of the visual apparatus must always be taken into 

function: 
rol 
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Situation and the response are formulated with difficulty. 
Therefore, operators, say pilots, are generally trained to 
behave Properly in rare situations. Manuals on piloting an 
aircraft under complicated conditions not only tell how 
the plane is to be controlled, but also show the typical 
readings of the instruments using photographs of pictures 
Of the dashboard. And although you will be dazzled by 
the sight of dozens of dials in the cockpit of a modern 
avy aircraft, the pilot can take in all of them. Our vi- 
Slon, with all its disadvantages, is close to the ideal com- 
Munication channel, the cherished dream of all p 
Munication people who construct their channels out O 
ardware, 


Chapter Eight 
All Roads Lead to Rome 


In fact, there is mounting evidence. n 
dicating that, in essence, the brain is a 


&roup of systems Processing information in 
Parallel, 


R. Held and U. Richards 

Organization of Perception Systems 

Has it ever occurred to 
metres, at ten metres 


long interested Scientists. They called 
ncy Or constancy of perception. 


, In fact, we accept similar Objects as having the same 
Size; although thei may vary, and 


hence the Projections of 
different. it follow. 


nt physiological 
same notion and 


Pparatus or in the higher parts 
age referred to a given 

cal stage of processing? 
Or, perhaps, Some invariant transformations are taken 
care of by vision, and Others by the logic of the higher 
parts of the brain? 

We can answer these 
an unbiased indicator 
Observer has been trainer 
recognizes each unfailin 
Over the tree” 
instead of a fa 


we have such 
imagine that an 
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20 30 4 
60 80 Time, ms 


Ima; 

ges of di 

n 1 ivag z " 

Which still b iis sizes are invariant for the visual apparatus. 
oses one of the five pictures, not out of 15 


Of the 
sa 1 
me object but now at another angle or of another 


Size. |f f, ; 
mation tr a Visualrapparatus this is just the same infor- 
time of rec BAB starts at the preconscious level, the 
choose V pisces vin will be the same. Vision will have to 
if the has | the tree" again from the five pictures. And 
new for th engthens, this will imply that the picture is 
y the: p; e preconscious level of recognition. According- 
logical ae will become invariant now at a higher, 
Ni evel. 
fishes, Prazdnikova narrates: “I have bee | 
With et and dogs. Then Glezer suggested that 1 try it 
ficult ts. l am not fond of them, because they are dif- 
tight to deal with in behavioral experiments: Kipling was 
rd in saying that the cat walks by himse 
level ratory we do some research with them at the eem 
— nothing doing, | had to agree. Why such a WI e 


n working with 
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variety of animals? The main reason is invariancy. On fishes 
I began my investigations into whether animals are capa- 
ble of invariant recognition. 

"It turned out that just to di 
from a triangle, a fi 
swims quickly to the 


stinguish, say, a square 
sh learns no worse than an ape. It 
picture for which it gets its feed and 
pulls with its mouth at a beed. What is more, recognition 
capabilities of fish in certain Tespects are even more 
pronounced, and more stable each day. But the fishes 


s; rns to recognize i his in- 
variant powers being by gnize images, 


nO means a 
full-grown dog." eans. worse than that of 
I asked, “Excuse me, Mr: A 
3 » Mrs. Prazd the 
Puppy has seen the surroundin, ee u ae 


8 world for some time, may 


be he has learned all this there?» 
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and could not « 
Same ee hs ite could not “surmise” that this is the 
Part in the experi only when it got into the ring and took 
ak What il was he shown various black figures. 
te Way differed fr then? Just imagine, such puppies in 
ie concerned. a controls as far as their behaviour 
s developed Es ir invariant capabilities were just as 
X © had lived und ey were even more active than those 
= detail is n ler normal conditions. And perhaps one 
"pecu ereas ENG mi oes ae no cowards among 
on bitte verti rols there were. And our 
ii eal with them oing well, just fine. It was a treat 
: es: fourteen . Although they were troublesome àt 
s Y, büt they puppies, fourteen experimental runs each 
Verythin y kept growing and so we had to do 
« Seer quickly. 
SEE og system grasps difference: 
* next da à puppy to come up to à 
y. quite unexpectedly, we give 


s at once. Say, We 


black triangle and 


have t 
it a skeleton 


trian, 

gle. | 

. It 

n ana oo stop, wait a little — something 

e en with confidence make its way to the 
e difference, but 


W trian, 

e Sines It appears that it does see th 
Centive, The. configuration turns out to be a stronger in- 
ate changed oe thing happens when sizes OF contrasts 

TM we ian or a puppy invariancy, at any rate in the 

But in aged to discover, is an innate thing.” 

“Tt Hee ae is invariancy a gift of nature?" 
and a lea s. There is an innate one, an acqui 
“Lost? one, so to speak.” 
actly,” 

n 
abate found out why Alic 
ficulties į in defiance of Lewis Carroll — h 
Way b "E reading there the books printed backwal 

bus itting “that” country- 
fact is that our vision T 


red one, 


e in The Looking-Glass 
ad no dif- 
rds in à 


esponds differently to an 
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image turn. Nevskaya has found out that we ausge, 
horse from the left and right in the same time — a tot s 
invariancy of the generalized image. But just try and in 
cline the picture so that the 
hill, and you will have new, 
taking different times to recognize. 

However, things are not as simple as that here at m 
Laboratory. A postgraduate, Nadezhda Stefanova O 
Bulgaria, has established: slight rockings, when the slope 
is not steeper than 155 are perceived by the visual ap- 
paratus as invariants, and at larger angles logical processes 
take over, that is, the Tecognizing of the new, sort of B 
Search over the “tree of signs”. Sort of.... Here there is 


one substantial difference: it seems that the visual ap- 
Paratus Mentally turns i 


horse is going up or down 
noninvariant images, that is, 


» Consider that the speed of 


* can travel through The Looking-Glass 
House. Can you read Newspaper you see there: 
It takes some effort, does it Not, and the reading speed 
is exactly this feature which is not 
comes with experience. We have lost, 


what we Possessed in early years. It 
© difference to infants whether letters 
are normal or backwards in 


8 i n 
É the mirror. When childrer 
learn how to write, some writ 


another way, it makes no differen 
have no difficulty in Th 
the rhyme about Jabberwocky, because at her ages 
children have not yet invarianty to mirror 
transformations, Or rathei 


n T, they have not yet acquired the 
noninvariancy, 
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We disti 
the 'Istinguish z 
we brain SA amenta and mirror images b 
rain can epee ge ecause 
is émisph , thanks to the 
angement of ^ Pies And should there doi -à 
, if the invariancy should be lost and "et 
ch 


Pictur 
es bi 
tra; ecome indisti 
gedy. Well m E that would be l 
" 
good, an affected person will with 
but he will 


equal 
ease 
co rea A 
cn 69 pa Jas and mirror-image text 
arran , 91 and 61, X iss 
although Be thiemsslves A m and IX, the letters will 
a can " e as appro i 
t he has wri write, .you would ae d = 
e inherit poe m 
bee ed invari 3 
n Å lancy 1S H ; " 
Small ho e nM by Sete invariancy t6 Se P 
ion tim ses are all the s ova, large, medium, and 
differ ; € is constant ame for the vision: the identifica- 
inan size. In oth although all the images on the retina 
"i level of Sa ner words, invariancy here is provided 
the Io as to ilc ok ee prelogical perception. 
of Reh a level, if invariancy, it is an approximation to 
“tres: k de a preverbal one. Take such pairs 
a and a "fist" ind 
Beneralte dog", a “te a fist", a "sitting dog" and à 
kettle» ized in our a-pot and a “tea-kettle”. They are 
"iei and in th conscience as “hand”, “dog” and “tea- 
uh fhe i apa are invariant. But for the visual 
he Bnition ne gn and fist are different pictures. The 
l ed wile anes at once, if in the set of pictures We 
hs et of visual ne, such picture by the other, since the 
cie notions images is by far inadequate tO the set 
nce i 
a a Sd dealt with invariants 
Sy nz me i A 
Te can As time it was considered that ¢ 
ona invaria ept invariants only pecause it 
* ows. De ney to size, for exampie, Wa € " 
On the Prag on the distance to 27 object, its Se 
Stimulatio a is different, and also different will be ! 
n pattern” in the brain. An anima 


ead 


at 


for a long ¢ 
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new, generalized pattern formed, that is independent of 
size of the image on the 
who initiated Berkeleianism, 
He maintained that only by 
d a baby relate the size of a 
he object’s distance. 

Proved that touch is not the 
ather on the contrary. In the 
the American physiologist 
-old babies were involved, who 


necessary to stimulate a baby, he was 
not fed, like a puppy or a kitten, instead he was played 
with “ku-ku”, Suddenly from under the table, a pretty git! 
appeared,” smi i “ku-ku”, and so for 


, What did B arranged different-sized blocks 
siza ch à Way that their images on the retina be similar in 


size. And vice versa, blocks of equal size were positioned 
in Such a Way that on the retina they would be projected 
as different-sized obj 


The bab jects. All the tricks proved in vain. 
€ baby never mistook Pilg Besse r its 
imitation, 15 “own” control block fo 
a eg could not be deceived because he viewed the 
World with both eyes. We Perceive the depth of space, as 
Se the right and left eyes see pic- 


as been known for about 200 
years ago. True, there are advocates of the view that the 
depth, and hence the dist; the result of signals 

‘ ringing in line the optical axes 
of both eyes (otherwise a double image would be seen). 
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This opini 
example, T however, is unlikely to be true. Take, for 
the optical es the eyes are not brought in line, 
Jy the same robe parallel, but the depth effect is there. 
tion, a uni en: to judge distances from muscle sensa- 
the T relation between the signals of muscles and 
Proved that s required. As early as 1959, however, Glezer 
More Eun estimate distances from 30 to 50 times 
OW could e than muscle sensation allows us. Finally, 
flash of light possibly perceive the depth of space in a 
signals from ning, should everything be explained by the 
Muscles wo i muscles? The flash being so short, the 
lo, the u have no time to adapt. 
j ouis Ma i is much simpler. 
Parts of th, itted by the visual appara 
he “life brain, is invariant in very ma! 
that it ha AE of a living thing con 
hen a Kati to estimate variants à 
Size, and wh room is small because it is really small in 
€ second Em » seems small because it is far away. For 
ranging (éle imation there exists an innate mechanism of 
tween obje arly, not in metres, but from the relations be- 
a thing) cts, and as a result of a change in the “face” of 
liike bai 
mine earan there are also other innate devices t° deter- 
visual nA relations, say, tO define the sector of the 
Variety of in which an object resides. This follows from 2 
- Leushin experiments. For example, in the Laboratory 
that it w a showed subjects shapes for such a short time 
as impossible to identify t 


A generalized im- 
tus to the higher 
ny parameters. 
sists exactly in 
nd distinguish 


age 


he pictures. 
“something” aP- 


em $ 
unfaili : 
Peared oa determined whether 1] 
rom above or below, from right oF left. That is, 
o means necessary to 


to z 
estima 
imate the location it is by ™ 


now 
what the object is. ting feature of 
interestini 
ha: 


Yar 
the a has discovered one more plished 
unctioning of the visual system. s establishe 
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the 
that when something moving appears at the gi tons 
visual field, where one is yet unable to perceive ae Ad 
one shifts sight to the Object in 150-170 UR Aca 
does so exceptionally accurately: a pause, then Pun 
Shift of the sight, and the fovea on the retina looks Pirat 
ly at the "object", And further, the eye traces the m 


; ation 
flawlessly. What does it mean? Only that the inform 
about the object’s 


ighly 
Og and the dove, In cats, those 3k in 
organized creatures, appropriate neurons are và hs 
the cortex, This leads us to conclude that such cells, 


‘ > oubt, 
viously, are present in man too. Nature, without a d 
has not deprived 


‘ ism of 
man of such an Important mechanism 
identification, 


Consequently, 


channels 
in the visual system, several char 
function simultan 


s ral- 
Cously. One of them transmits ge 
. n . H [t H z 
ized Images, a sort of information invariant to 
brightness, colour 


multichannel Principle, js very compact and rational. 
After all, size, brightne. 3 » ànd other properties 
can be equally inherent in 4 tree, a camel, and an 
airplane. Chan s i 


o : e 
ng information about thes 
brain may be 
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evidence avai 

ly m eine nature constructed our vision in exact- 
€ divisi j 

eie of the ed occurs not only at the level 
mind their Ses The cerebral hemispheres 
n This: wat hit n each solving its specific prob- 
m ness". With oun n by studying agnosias, “mental 
A e functions mental derangements the higher 
i chanism, nee fall out, the work of the visual 
vine arc a on hearing are disrupted. But these 
Has ate related E ake, for example, visual agnosias, 
nerve troubles i e to retinal disorders nor to optic 
ssive far-sightedne flicted persons experience neither 
i infrequently ek nor excessive near-sightedness, 
On—everything they have à normal field of vi- 
vd patient eer to be in order. At the same time 
fee cially MESSER recognize his acquaintances, in 
i * is looking di es he would not be able to say whose 
respects, he ey at him from a mirror. In other 
deviations ace ee man with seemingly 
them, Pod the man sees objects but 
e may call a bench a sofa, a pear à flower, à 


tele 
phon 
e a clock 
lock. But he sets the arms of the clock cor 
doctor indicates. r 


object without 
hing about colour and 
r again, he may see let- 
although he im- 
he has traced their 


of sub- 


does not recognize 


Outline wi 
with his finger, like a child. Or 
s with digits 


oes 
n . 
Ee recognize letters 
ease. Or.... Perhaps that’s © à 
i i of evidence in 


hes 

e 

Avoir er too many, and ea 

Nia a fairly complex construction 
and the entire perception m 
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With some agnosia forms, Pati 
against the background of interfering lin 
generalized Images stored in their memories 


ents are unable to make out a figure 


es and other figures: 

àre inseparable 
Physicians noticed agnosias l z 
i Ong, ver . Their 

main forms were described back i E Y long, ago. T. 


as z the past century. More 
sophisticated experimental techniques that have dus in 
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Such specific di 
man inmedi, disorders. When the retina i 
has E notices that his e cenne ie beer cn He 
May not ev arrower and distorted. And pis an 
always es notice his disease He a. pr cnn pe 
Poorty, It MN he for some sore iir pe 
rrr beyond E dn that when an examination pee i 
is believe i ubt, the affected person does not 
(sometim ictims of agnosia 
: es th 3 as and results of operati 
aes) ro LE ME are consequences of yerum 
"s care of which p* get an idea of which cortical areas 
id works ana unctions. Drawing on the results of 
'siologi st Elena E personal observations, the Soviet 
tom ES add ok in one of her last books writes 
an aes sien: Pai: yo perceptions, tO a certain 
i erent hemis vn and are provided for primarily by 
tion 9 mically pe pheres. In each of them there exist 
à t Of colour o systems providing for the percep- 
: Stract hemis; "he ape, size, etc., and in the left, more 
Ounce.” phere these systems are more distinctly pro- 
nd still, | 
Cas , i 
on physiologists h convincing the observations of the 
i emisphere s had their doubts. But what if the in- 
d that te hase distort the true picture? The fact 
exui both m animals have yielded cvidence il- 
Ped potentialities eres role of such relationships 
"d emisphere, Wessel ^ utely independent activity of 
eie i cell bees er here to the famous California 
the Californi ecause the experiments were 
: e Amerikan ia Institute of Technology- In the 
ats the cor physiologist R. Sper" ed in several 
Nerve fibres t callosum, à «pridge" of tens 9 i 
Operation s connecting both hemispheres- 
each a nE were many expectations, t not that 
Bd tivo Se im function independently, aS if the animal 
ins, which is, in fact, what happened. 


» 8-667 
o 
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How was this discovered? By providing connection of 
each eye only with one hemisphere. Normally, the retinas 
of both eyes are connected to each hemisphere: the right 
halves of the retinas are connected to the right 
hemisphere, the left ones to the left hemisphere. If the. 
tic nerves, is severed, informa- 


he hemisphere on the 
same side, true,only from one half of the visual field, but 


there is nothing to be done here. Incidentally, for a 
perfect experiment this is not a large hindrance. 

Thus, Sperry transected the corpus callosum and 
chiasm, with the result that two complexes, "eye- 
hemisphere" were formed, each of which could be taught 
to respond to its "own" stimulus. The left complex, for 
example, knew that food lay beyond the door with a cir- 
Cle, and the right one was in the same way absolutely con- 
fident that it Was hidden behind the door marked by à 
Square (to be sure, during the learning and control ex- 
periments the “superfluous” eye was covered with a 


R aaan MC the above-mentioned 
nder observation a patient on whom 
had been performed (neurosurgeons 
h a way it wou 
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Ta 
half a Pus he an apple that appears in the right 
callosum will tele of vision. A man with severed corpus 
write the wo n confidence call it apple, and will readily 
speech and $ , since the left hemisphere is responsible for 
side of the E But just transfer the apple to the left 
mation will ovs field that is, make it so that the infor- 
Will hear E y come to the right hemisphere, and you 
Paper. Wh A ing and have nothing written on a sheet of 
Observed on Because, as Gazzaniga and Sperry have 
“capabilit » Fi more, the right hemisphere has no 
oes US. oF the verbal expression of information. This 
emispher mean to suggest, of course, that the right 
emisphere Js stupid”, it is just different. The right 
the left ia is dumb, but quite reasonable: having read in 
find this ield of vision the word “pencil” the patient will 
left oe by feel, and conversely, having felt in the 
Word wri a pencil, he will find a card with the required 
itten on it. And everything in complete silence, 


al 
ein sometimes words are spoken, but unfortunately 
“The any connection to the situation. Gazzaniga wrote: 
(beyo patient may call a pencil put into the left hand 
nd the visual field) a can Opener or lighter. Verbal 
from the right 


unci 
ches seem to have come not 
hich does not accept 


eri 
t Mr ag but from the left one, which does accept 
ln s ct, but tries to identify it from its indirect signs. 
the UE Soviet Union it is prohibited bY law to transect 
that aus callosum intentionally. Soviet scientists believe 
high i € cost paid for the cure of a mental disorder is too 
in this case. Too devastating is the damage to the 


u x ; 
man being. But the case may be that in an attempt to 
haemorrhage Or à 


Save ^ 3 
ina the patient's life (removing 2 
ignant tumour), the surgeon's knife may penetrate 
patients 


th : a 
Ose forbidden areas. After such an operation, 
horough examination. The 


ar H 
a subjected to an especially t 
tld appears before them in a fairly changed manner, 


X 
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| construction * 


ple language - * 4 
“comprehension . +74 


Fini 
Unctions or the hemispheres 
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and so they wi 
new y will hav 
nh coer In a E taught to act correctly in their 
eres that sheds light urophysiologists obtain valuable 
. p n the OESR di the structure and functions of 
hee i] We. Nearo these studies were initiated by 
he Án aig rien d iaa i il 
rati stigat rgery Institute. 
eid their pce of the laboratory ea begin 
“a oütline xn and concepts with a anal 
Bim of the oh ell, what was thought before th 
chat dudes 15 595 brain? It was thought that San 
ying y üccurate dnce be possible to construct an ab- 
een systems in the me of the arrangement of the identi- 
"d e here shape. — cortex. For example, here is 
Deetig on. But ihe E Size, here recognition of faces 
bue ns between th split" brain has shown that the con 
So nt part here e hemispheres play an extremely im- 
Solved b and obliterate the actual volum f 
tradi Mésttlonior hemisphere. —— 
io n of vi i i 
ard mally: assigned 3 ge which had been 
s ual e idee in the right hemisp. 
: nish ebd E to both hemisp 
E ifferent ma y in the right one, it is there pr 
Processing t nner than in the left hemisphere 
roduc” a bring about differences in 
Pplies to en is, the information tha i 
Me not Fa tgs ud parts of the brain. 
t responsible for pees The right hemisph 
h already, to u E aiu agers a 
itole- SPUR n erstand what has been 
craw), a legac yi right hemisphere In identific 
*Vled up the evoluti Il those living cree re 
any respe e evolution ladder to pul m 
Ost impo cts, it has retained its “be stly” ha 
rtant for an animal? TO sort out 


phere alone, ap- 
here as well. The 
heres does not 
ocessed in 
Different 


su 
ere, which is 
able, 
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“clothes”, and so on. The relationship to a concrete image 
becomes negligible. 


This is how the Psychologist M. Koltsova describes the 
development of speech in a child. z 

But neurophysiologists maintain that by four or five 
years of age the brain of a child grows to resemble the 
brain of an adult in a very significant detail of its struc- 
ture. This detail is the asymmetry of the higher functions 
of the right and left hemispheres. Until the “critical” age 
has been reached, both hemispheres can properly perceive 
speech and control it (the child’s brain is very flexible, so 
if the left hemisphere is damaged by some disease, the 
Tight hemisphere takes care of speech). But once the 
development of the child has crossed a certain threshold, 
the flexibility is Sone, and so the right hemisphere 
becomes “dumb” for ever. To be sure, this occurs not 


oe but step by step, but the result is exactly like 
that. 


» is the growth of the “power” of 
Td and the restructuring of the func- 
* à coincidence or something more 
ers of the Laboratory have answered 
te a definite way: it is not a coin- 
ans. This means that.... But let us 
Onsider some historical facts that will 
n the proper Perspective. 

century ago the French anthropologist 
Paul Broca (1824- 


224-1880) came to the conclusion that it is 
1 hemisphere that 
discovered there a 


disturbed th 


takes care of speech, and 
Tegion, the destruction of which 
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researchers concentrated on the dominant hemisphere, 
and it has not been until fairly recently that they have 
found out that the subdominant hemisphere is well worth 
studying as well.) By the way, in a right-hander the domi- 
nant hemisphere is the left one with a probability of 95:5; 
and in a left-hander the ratio is only 35:65, that is, domi- 
nant is mostly the right hemisphere. For some unknown 
Teasons, there is a premium on being a left-hander in 
some sports that do not require much endurance and pro- 
longed physical exertion but rather place heavy demands 
On reaction, for example, in fencing. But since left- 
handers are a minority, in what follows we will for 
simplicity refer to the left hemisphere as the ‘speaking’ 
One without, of course, forgetting the real state of affairs. 

Long before the experiments by Gazzaniga and Sperry, 
Which made the front pages in the 19305, electrotherapy 
emerged—a treatment of mental disorders consisting in 
Passing a weak electrical current through both hemisphe- 
Tes. So, this treatment cured hallucinations and removed 
the fixed idea of suicide. But late in the 1960s L. Balonov 
and V, Deglin of Leningrad, USSR, noted that a current 
fed to one hemisphere switches it off, leaving the other 
hemisphere totally or nearly totally unaffected. During the 
treatment the patient remains conscious and can even talk 
With the doctor, that is, take part in the experiments, 
Which are all the more valuable since the brain separated 
In such a way has not been damaged surgically. Their ex 
Perimental findings Balonov and Deglin described in their 
book Hearing and Speech of the Dominant and Subdomi- 
nant Hemispheres. 

Amazing things have been revealed. Above all, the 
€mispheres very closely interact. But the interaction is 
Not activating or “helping” in nature as might be ex- 
Pected, it is inhibitory: when one hemisphere is disabled, 
all the functions of the opposite one become much 
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keener. (Strictly speaking, a Measure of mutual assistance 
does exist, but we shall dwell on this a bit later.) - 
If the right hemisphere is Suppressed by current, t : 
burden on the left "speaking" one becomes larger: a ma 
becomes very convivial and talkative, he interferes into 
other people's conversations, addresses everybody with p^ 
quests and advice, comments loudly on the behaviour o 
all those around him. He behaves very much like a tipsy 
man — by the way, alcohol in the first stage of intoxica- 
tion stronger affects precisely the right hemisphere. - 
But this is not the whole story. With the right 
hemisphere disabled the voice becomes unrecognizable RE 
in some toneless, husky, hoarse, in others snuffling, in yet 
others the words come out intermittently, they sort of 
choke on them, and still others lisp or bark. The habitual 
cadence and melody of speech are gone, there are no 
logical and emotional pauses, ups and downs in tone, 
Stresses appear in most unexpected places. y 
And when the left hemisphere is affected, the subject is 
silent for a time, because the “speech centre” has been 
suppressed, but in several minutes, after the shock is over 
and speech is restored, he starts quickly, clearly and ex- 
pressively (the right hemisphere responsible for the melody 
is functioning!) to utter incoherent, broken phrases: 
“sw passed me, let me in quickly, how I recognize myself 


Hegde, ing myself....” And the sub- 


I'll take everyth 
ject become: 
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It was found that the right hemisphere, which was 
traditionally believed to have nothing to do with word 
recognition, does play an exceptionally important role in 
the process. Should it be rendered inoperative, any, even 
the slightest, interferences confuse the left hemisphere, 
with the result that it becomes unable to perceive speech. 
But even if there are no interferences, the subject cannot 
feel the intonation. While understanding perfectly what is 
said to him, he is indifferent as to how it is said. Not only 
emotional perception is gone. The patient decidedly 
refuses to repeat after the doctor the suggested intonation, 
just because he simply cannot do this, try as he may. 

But when the left hemisphere is suppressed, without 
understanding the words addressed to him the man 
reproduces the melody of speech much more exactly than 
When both hemispheres are operational. 

The right hemisphere is also responsible for the 
Understanding of “objective noises”, such as the shattering 
‘Of broken glass, the gurgling of water, the banging of a 
door, sneezing, snoring, and so forth, including sounds 
that accompany all sorts of natural phenomena, human 
actions, and operation of machines. These complex 
Sounds, which cannot be described by words (and the 
Tight hemisphere is dumb! — interesting relation, isn't 
it?), enable us to visualize whole pictures. It is on this 
ability that all the radio dramas are based — we literally 
see from sounds as the personage climbs stairs, produces 
keys from his pocket, unlocks the door, and enters his 
flat. If the right hemisphere is oul. the man can imagine 
Nothing. He just hears a meaningless jumble of words, 
Which invoke neither pictures nor concepts: .—. ) 

With the right hemisphere switched off, it is impossible 


to recognize even a familiar melody. When asked to sing 
Something, the patient normally refuses and if he con- 
fusing and distorting 


cedes, he will sing out of tune, con 
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i inedible, 
edible — ine 
ject: danger — no danger, d Iv these 
ao and so on. And it is mers a » 
capabilities that are inherent in the right 
he 
T itting in one of t 

man Clad in white overalls I am sitting eim mathe 

Tooms of a laboratory at the Burdenko Ins 


bar- 
s not em 
patient, I am a doctor, and my presence doe 

Tass him. 


“What is it?” 
the patient a pi 
African desert, 

"Don't know... Somethin 
or water.... Maybe sky?" 


Ims 
"Don't let us make conjectures,” the € io 
down the patient, *you'd better tell me whatever off 
you. What do you think, is it a living thing or 

"Living." 

"Right, Very well. But cold or warm?” 

“Warm.... So smooth, like feathers...” 

“Excellent, Has it legs and a tail?” 


> z s As to 
"Oh; T always have difficulties with tails... 
legs — here, | See, it has...” 


“Is it large or small?" 
"Large, larger than a man.” 
"What is it then?” 
“A bear? Well, no... A bear... 
fluffy, A goose, mayb 


an suffers fr 


2d ont of 
The doctor puts on the table ei 3s 
cture: an ostrich is running t 


>... sand 
£ is running.... Here . 


; d, 
- It is something rom 
€: YOU see, the neck is so hes 
DM à severe derangement o 


him by hi 


‘vides 
ivi S MER is, he divi 
Divides even Without Tecognizing them. That is, 


*travel over the 
in a way that very much resembles the “tr 
tree of signs” 


is 
i s the man 

- But using those basic antonymis, xd to the 
Not able to divide the entire “alphabet of imag 
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end and to get to the bottom of things, he is unable to 
name an object. Why? Perhaps because exact identifica- 
tion is associated with the work of the left, damaged 
hemisphere? 

This assumption is supported by the examinations of 
other agnosias. It turns out that for the left hemisphere it 
is important that the picture contained more details and 
looked as realistic as possible. A skeleton picture for him 
is an unsurmountable obstacle, an utterly incomprehensi- 
ble thing. Whereas for-the right hemisphere, it is much 
easier if the information is more schematic. It fails to 
make out a sparrow drawn with all its feathers, but im- 
mediately takes in a sparrow given in a symbolic, especial- 
ly “children’s” manner. 

The multichannel nature accounts for many aspects of 
visual perception. The idea turned out to be of value for 
identifying devices, one of which was invented in 1973 by 
the Soviet scientists V. Kharichev, A. Shmidt, and 
V. Yakubovich. In this device, the information coming 
from an artificial retina is broken down into two flows. 
Then these “halves” are processed in a different manner, 
deriving two kinds of information. The first kind of the 
information tells us about the configuration of an object, 
that is, if it is a house, a wolf, or a man, but tells nothing 
about the size or spacial arrangement. On the other hand, 
the second kind of information, although telling us 
nothing about shape, will give us all the information 
about size, brightness, arrangement, and so forth. Put 
another way, the system derives from the “contents” of 
the image such properties that, from the point of view of 
grammar could be called nouns (table, tree, cat, etc.), ad- 
jectives, and adverbs (large, small, from above, from the 
side, etc.). Remarkably enough, if a computer is taught 
these notions during its language learning session, it will 
then identify even such objects it has never been shown. 
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For example, having mastered the notions “big house”, 
“small cat”, and “table”, the computer readily identifies 
the picture “small table", 

So much for the multichannel nature of the visual ap- 
paratus. As for the generalized image, so important for 
the identification of an object or an image, completely 
stripped of all its specific features, it seems to be what 
enables the brain to refer to all the tables as tables. 

It is an abstraction of the table. 

The very abstraction that defies all words. 


Chapter Nine 
Library or Telebrary? 


... A clear mind is nothing but the ability 
to bring thoughts together, to tie already 
known ideas with less known ideas and to 
express them in exact and clear words. 


Helvétius 


Around the end of the first year of life, a baby for the 
first time pronounces the word “mother” — the tiny 
human creature makes his or her first step toward com- 
prehending abstractions, to which words belong. But so 
far the degree of abstraction, the gap between reality and 
sign (word) used to denote it, is negligible. For the baby 
“mother” is just his own, unique mother, while all other 
mothers are not. Each doll has its own name and there is 


no “doll in general”. 
Another year passes an 


mean the doll that the kid take 3 ; 
which other children play, and the one displayed in the 


shop-window. The word comes to embrace all similar ob- 
jects, its abstraction being raised to a higher level. 
Another year or so, and our kid masters the word 
"toy", which includes dolls, and building blocks, and a 
plastic airplane, and an electric railway. The *power" of 


the abstraction of the word has grown drastically, the 
word now denotes things that differ markedly in ap- 
relationship between the 


pearance and function, and the ns 
d by vision or touch and 


d the word “doll” comes to 
s to bed, the one with 


tangible image of a thing perceive 
ing becomes ever more 


the word that denotes the thi 
elusive. : 

Finally, by five years of age the child achieves a degree 
of abstraction that places him or her at the level of an 
adult. So, the word “thing” denotes now not only objects 
but also abstractions of lesser rank — “toy”, “furniture”, 
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the melody. But the words of the songs (even if they have 
nothing to do with the melodies) are just bursting out of 
him, again suggesting the Picture of alcohol intoxication. 

When the left hemisphere is suppressed (and hence the 
right one is activized) any tunes are perceived clearly and 
reproduced correctly, the patient can even reproduce the 


thythm, but he can neither name the song nor remember 
the words. 


The left hemisphere is w 
tunes. Everything seems t 
"thinking" and "artistic" c 
I. Pavlov: *... Artists gras 


ords, the right is melody and 
O agree with the scheme of 
haracters, to use the words of 


d that the left hemisphere is 
inking, and the right one for 


They showed pictures to Subjects for a short time, such 
that the halves of the 


Tain a fortiori had no time to ex- 
» and they directed images alter- 
heres. To this end, as we know 


À Vision outside of the overlapping 
region (look at the figure shi 


) owing the brain and its “right- 
left” functions), 
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The subjects were asked to identify either shape (to say 
“goat” or “leaf”, “dog” or “window”), or shape and size 
at the same time, or shape and location of a picture in the 
visual field — higher, lower, to the right or to the left. 
Why shape was always required is clear, because it is the 
most important feature of any object. 

Similar experiments — but only similar — have been 
Carried out before by many researchers. So, other scien- 
tists were only interested in which types of pictures or 
Which signs of images are better identified by the right 
hemisphere, and which by the left one, how the identifica- 
tion relates to speech, and so forth. But now it was decid- 
ed to identify mistakes made by a man when recognizing 
images now by the left and now by the right hemisphere, 
and also the systematics, frequency and patterns of these 
Mistakes. 

A picture is exposed for quite a short time, at times a 
Man seems to have seen nothing, but the experimenter in- 
sists, “Answer even if it seems to you that you have seen 
Nothing!” There is no escaping. But it seems from 
thousands of answers that some mistakes are more fre- 
Quent than others. And so, some mista 
and others are random. Most interestingly, with most sub- 
Jects the mistakes of the left hemisphere are identical, and 
the mistakes of the right hemisphere are different with 
different people. A 

The left hemisphere errs, as it were, in a symmetric 
Way: a figure A is always confused with G, and G may be 
confused with A. In exactly the same Way B and V appear 
Similar. But this hemisphere will never confuse a figure 
from one pair with a figure from the other, so that A will 
Never be mistaken for B, nor V for G- Never! i 

But with the right hemisphere we have terrific chaos. 
Picture A is mistaken for G, B also for G, and G now, 
for some strange reason, is confused with V and not A. 


kes are systematic 
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Confusion may be different with different people but stil 
the right hemisphere does not display the *pairedness" in- 
herent in the left one. P 

One more important detail: the right hemisphere iden- 
tifies the shape the more accurately, the more accurately it 
perceives a second, companion sign, for example, size or 
location. A mistake in companion sign nearly always 
results in a mistake in shape. On the other hand, the ac- 
curacy of perception of companion signs is immaterial for 
the left hemisphere. It picks up shape with equal efficien-. 
cy, whatever the mistakes in arrangement and size. What 
is more, attempts to identify shape and a companion sign 
simultanéously normally failed, the shape mistakes being 
more frequent. 

What does all of this mean? First of all it means that 
the right and left hemispheres perceive the same picture 
differently. It would seem that this is absurdity — after 
all, the appearance of objects does not change when we 
look a bit to the right or to the left. But “absurdity” is an 
illusion akin to many other illusions. Owing to continuous 
jumps of the eyes, a picture alternately gets into one or 
the other hemisphere, the overlapping zone, too, makes 
its contribution, and furthermore the hemispheres ex- 
change information, 

What is more important is th 


at if we accept the concept 
of a “multichannel” 


visual apparatus which is currently 
being worked on in the Laboratory, the difference in 
perceptions will be quite rationally explained in a way that 
agrees with the data of neurophysiology. 

The left hemisphere, when it identifies shape, only 
distinguishes what enables it to tell one figure from 
another, that is, it singles out generalized signs. But, as is 
easily seen, these signs in different figures may show one 
or another measure of likeness (for example, at a quick 
glance you may well confuse a domestic goose with a 
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swan, but never an airplane with a cow). The reason for 
which mistakes are “paired” is as follows. Images A and 
G have some signs of their own that make it possible for 
a hemisphere to consider them congenial, in exactly the 
same way B and V have signs that make these figures very 
much alike in perception. On the other hand, the 
Pairedness” suggests that the signs for each pair differ 
markedly, that is why we do not have a “leap”, that is, er- 
TOneous perception of a picture from one pair as a picture 
from the other pair. This all goes to prove the assumption 
that the mechanism of “travelling Over the tree” is located 
exactly in the left hemisphere. When an identifying 
mechanism reaches a “fork”, where on one side are the 
signs of A and on the other side of G, it has to decide on 
its further direction. And since it works under pressure, 
decisions are taken without adequate justification: instead 
of A shown to him, the man “sees” (it seems to him that 
he really sees!) G. And he says 50- And when G is shown, 
the same mechanism of error will operate with the result 


that it will seem to the man that he sees A. But figures B 
and V (or rather their signs stored in the memory) are 


located on absolutely different “branches” of our “travel 
Over the tree", and therefore under n9 circumstances these 
figures can be confused with A Or Gk oo. : 

_ In the right hemisphere visual identification 1s organized 
in quite a different way. Here the visual apparatus 
describes an image in intricate just some of its 
Signs, as a whole and not fragmented. Therefore, instead 
Of “travel over the tree” we have something here resembl- 
ing going over cards in a card catalogue. In that case, 
figure A can only be confused with G if it pps before 
G, but G can never be confused with A, since u vx ne 
Way back and the search is in one, rigidly ne ae 4 
tion. Figure G, in turn, may be confused with V, W eh 
located somewhat further. True there is nO syng y 
we have exactly that succession, not another One. 


detail, not 
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As to errors when attempting to identify simultaneously 
the shape of a figure and its size or location, or all a 
signs at once, an analysis of errors allowed us to ma th 
conclusion no less important than previous ones. In the 
left hemisphere each sign — shape, size, and location — is 
analyzed by a: separate identification. channel (we have 
already discussed this without any reference to the 
hemispheres). And so, in the right hemisphere all the signs 
are tangled to form a tight knot, and there are no in- 
dependent channels, but instead there is a whole image, 
which alone is analyzed, 3 

This implies that the left hemisphere, identifies using 
Separate channels, and along each of them receives a fair- 
ly sketchy image of the whole, the most important signs 
being sifted from Secondary ones. That is, the left 
hemisphere identifies in a very generalized, abstract way, à 
hard and fast fact now, not just an assumption. And the 


right hemisphere identifies wholly, using all the richness of 
signs, extremely concretely. 


- For them to emerge, first we have 
to see a car or a table, 


A question poses itself: 
ment of those abstracti 
hemisphere because it is 
the task? For example, 
responsible for the inva 


perceived the image of the Same table, but at different 
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distances (that is, on different scales), the left hemisphere 
signals that this is the same table. But the right 
hemisphere will have to learn this, and it is only capable 
of performing that task only in case of need, and only up 
to a certain age, before the specialization has been com- 
Pleted. Such was the hypothesis that explained the separa- 
tion of functions between the hemispheres, which has 
been put forward by the workers of the Laboratory. 

Hopefully it is now clear why nature has endowed us 
with two hemispheres: the right one comprehends the con- 
crete world in the richness of detail, and the left one 
Beneralizes the information gleaned to cognize the world 
at the level of abstractions, including verbal ones. The 
Tight hemisphere is a sort of store of images, without any 
significant connections between the images. The left one, 
although it is in no position to perceive an image in such 
detail, takes care of connections between things and 
Perceives the meaning of events. The human brain con- 
tains, as it were, two reseach centres: the right one explor- 
ing ferra incognita (abstractions are of no use with the 
unknown), and the left one examining the simplified ver- 
Sion, stripped of “superfluous” detail, of what has been 
comprehended by the right part, that is, perceived con- 
cretely, 

Such an approach explains 
earlier baffled the researchers. It is common knowledge, 
for example, that the right hemisphere recognizes faces, 
an ability absent in the left hemisphere. Now in an experi- 
Ment, the left hemisphere of à subject Was shown 
Photographs of well-known statesmen and movie stars. 

Urprisingly, that hemisphere recognized them better than 
the right one! If viewed from the traditional understanding 
the workings of the brain, the result is shocking. But now 
an explanation is available. The left hemisphere is also in- 
Volved in recognizing faces, but familiar faces are record- 


9* 


a wealth of facts that have 
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ed in it better, in a more condensed way, using some clear 
highly specific features, that is, in a more abstract way 
than in the right one. 

It is worth noting, however, that speaking about 
abstractions we tacitly implied the familiar generalization 
on the verbal level, which is a sign level (a sign viewed not 
as a picture, but as a carrier of some meaning couched in 
words). These abstraction 
left hemisphere, whereas the right one is able to abstract 


in another way. For example, it can find among rather in- 
tricate and di 


perform that operation. It 
can find a circle of a suitable diameter from a piece of 
circumference, and it can mentally piece together a figure 
Cut into fragments, to compress it, shift, expand, bend 
and to work out the result, again mentally. This is all 


The right he: 
design engineers, w] 
on end, for archit 


with spatial transformations. And this being so, the 
abstractions with which the tight hemisphere is concerned 
are hardly less complex and Profound than those of the 
left one. Simply they, those abstractions of the right 
hemisphere, are different and, alas, inexpressible in 
words, therefore we know very little about them, just as 
about the functioning of the right hemisphere, far less 
than about the left hemisphere, 

Anyway, let us try and venture beyond the confines of 
visual images and Perceptions, let us ponder the fact that 
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is concrete comprehen- 
abstract generalizations 
ginning that we are 


the right hemisphere’s speciality 
sion, and the left hemisphere’s, 
(we will remember from the very be 
fully aware of the limitations of this model and of the 
need to clarify the range of problems handled by each 
hemisphere and their role in this joint effort). 
Observations of patients with severed corpus callosum 
have shown, in the words of Gazzaniga, that “separation 
of hemispheres produces two independent spheres of con- 
sciousness within one skull, or rather in one organism.” 
Clearly, those spheres also exist in the brain not severed 
by an operation. And the fact that the left hemisphere is 
capable of speaking and understanding speech, and the 
right one is not, leads us to the conclusion that the think- 
ing processes in the left hemispheres can be represented in 
terms of words directly (it should be stressed again that 
We fully understand how arbitrary Our "directly" is here), 
and the result of the processes in the right hemisphere will 
only be “heard” after some transformation, that is, after 
it has been passed on to the left hemisphere to be shaped 
as a piece of speech. Einstein believed that once à pro- 
blem has been solved in the evocative, wordless inner 
language the tantalizing task of groping ieu m 
Words to get the solution across tO other people's ment’ 
then comes, Words are means of input and output OF ìn- 
formation, and in the central processor some e 
Cur that cannot be put into words. This Lx rining 
reaching analogy with the computer: before ver fennein’ 
device has yielded the results, the outside obser es 
absolutely ignorant of the transformations P 
Within the bowels of the “electronic brain - —— 
This leads one to make another conca rode 
of late been discussed by the member’ yee hemisphere 
community). It is now known that ues " pi ua 
controls our senses together with the left one, 
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emotional stimulus comes from the right hemisphere, a 
man with his corpus callosum severed is unable to explain 
why, say, he enjoys something. Now it may well be asked 
whether or not some of our “unexplainable” deeds and 
feelings are due to the right, silent hemisphere, when the 
result has not been transferred to the left hemisphere Gr 
for some reason has not been deciphered, and hence in 
either case it cannot be couched in words? Or perhaps 
"subconsciousness", the catchword not only of mystics 
but also of artists, poets and writers (all members of 
creative arts), is just a product of the activities of the 
right hemisphere, which is known to be more prone to 


comprehend the world in concrete terms than in logical 
terms? 


Considering that verbal 


abstractions (that is, those at a 
very high level 


) are beyond the capabilities of the right 
hemisphere, is one to infer that man can only realize 
himself as a social creature as a result of the activities of 
the left, speaking hemisphere? Self-consciousness and the 
Notion of socium, community of people, are abstractions 


of extremely high rank, To conceive them requires much 
serious thinking. It i 


that children reared by 
wolves lose their power of Speaking, because speaking 
calls for contacts with Other humans. Studying 
mathematics, logics, and foreign languages is good train- 
ing for the abstraction ability, 
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^ The differences in the roles of the right and left 
ipae in comprehending the world make it clear 
why an unbridled passion for television at the expense of 


reading is so harmful to the development and formation 


of a child. By its enormous flow of visual information, 
right hemisphere (elec- 


television mostly affects the 

troencephalographic records made in the USA indicate 
that the right hemisphere is three times as active during 
watching a TV programme than the left one). The quick 
change of images, and the impossibility of replaying insuf- 
ficiently clear pieces are negative aspects of any dynamic 
art, and they especially come out in TV, which works the 
livelong day. Even in cinem 
receives a definite, strictly dos 
and on his way home he can ponder what he has seen. 
But television keeps driving 0n and on, and one has to 
have a strong will or dislike the programme to switch off 
the set. 

Comprehension (the transfer 
right hemisphere to the left one 
Words) takes both time and skill. Skill! — which is lacking 
in a baby, as we know that only by five years he develops 
complete abstracting power at the level of elementary con- 
cepts, so that television does not stimulate but on the con- 
trary inhibits the formation of that important ability, the 
ability of thinking. Reports the American magazine 


Readers Digest: "The workers © he University of South 
„school pupils before 


California placed 250 gifted primary 
television screens for three weeks. Tests revealed a clear 
decline in all of their creative powers. " 
Conversely, reading actively shapes. the abstracting 
power of the left hemisphere, and besides develops the 


a or theatre the spectator 
ed volume of information, 


of information from the 
and the recording of it in 


er to record 


Power of visualization, that js. the pO"! 
abstract words belonging tO specific images. The last pro- 
n viewing pictures on the screen. 


cess is totally absent whe! 
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As a result, a reader develops a more intellectual per- 
sonality than the one who lives at the mercy of visual 
perceptions without taking the trouble of couching them 
in words, that is, at the level of abstractions. 

In recent years computer teaching has become 
fashionable, which in essence is a form of TV, only a 
more boring one. It has its origin with comics-type pic- 
tures, so plentiful in instruction manuals and directions 


errors drastically. But 
ties .... Perhaps com- 


ast, and the left one into the future. All 


; thinking, and — nothing can be done 
about it — thinking in words. = 


: Now then, what shall We collect for our children: 
libraries or telebraries? 


Chapter Ten 


The Flat Three- 
Dimensional World 


The painter 
Has painted his daughter, 
But she, 
Like a moonlit night, 
Has drifted away from the canvas. 
Leonid Martynov 


Apes are fond of drawing. Normally they paint on paper 

some meaningless stripes and figures. But once, à young 
female chimpanzee named Moya drew something like a 
van Or an airplane. When asked, she answered "This is a 
ird." 

Yes, answered. Moya, just like the other young apes 
Pili, Tatus, Koko and Washoe, has been taught a special 
language of signs so it can construct simple, grammarless, 
but still understandable phrases. In the absence of gram- 
mar and small vocabulary (about one hundred signals) the 

ape language" resembles the speech of an eighteen- 
month-old baby. And just like the kid comprehending the 
Surrounding world, Washoe may examine her face in a 
Mirror for a long time and then point with his hand at the 
image and tell the shocked experimentalist “This is me.” 

And so, Moya has drawn a bird. Later in the presence 
Of a whole committee of experts she has drawn it once 
More, and also a cat and a strawberry. Understandably 
the drawings were far from masterpieces of fine art, “but 
She is only three and a half years old,” says Beatrice 
Gardner, who together with her husband Robert conducts 
those interesting investigations, “at that 28 even a human 
kid would hardly produce something better.” 
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To be sure, those feats do not signal the beginning of 
an “ape painting” boom in the world, nor that the 
primate art has finally found recognition. Recent years 
have seen so much new in the understanding of our 
“lesser brothers” that it becomes increasingly harder to 
draw a demarcation line between the abilities of animals 
and man. 

For example, it has always been thought that man alone 
can use implements and tools that he himself has produced 
for his use, and animals, including apes, only occasionally 
utilize a stick or a stone as an auxiliary means. The follow- 
ing piece of behaviour of an ape has been filmed: the ape 
takes or wrenches Out not just any stick that comes its 
way, but only one that is Suitable as a tool. These sensa- 
tional results came from the primates laboratory of the 
Pavlov Physiology Institute. Firsov, MD, and co-workers 
let a team of apes free on the small island on Lake Yazno 
in the Pskov Region in Russia, and shot a stunning film 
that has been repeatedly televised. 

; The - female chimpanzee Silva is trying to get a sweet 
acd ping hole, but cannot reach the sweet with her 

à € begins by wrenching out and debranching one 
stick, then after she has seen that the stick is too short, 
she gets another one, a bit longer, then a third one, still 
longer, and a fourth go gives her exactly what she needs, 
a stick as a prop to keep the door 
rom closing. Says Firsov: “A stick 


because it has acquired some 
Such behaviour in apes is 
imitive man. Accordingly, the 
f the things which separates us, 
nly becomes more involved.” 
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The journalist who interviewed the scientist asked: “If 
we are to believe that the primates are capable of making 
generalizations, doesn’t this approach abstract thinking?” 
, "One and the same thing could be called a generaliza- 
tion by a physiologist, and an abstraction by a 
Psychologist,” came the reply. It turned out that apes 
taught to choose the larger single object completely ignore 
changes in the experimental conditions if they are required 
to choose between a large and a small set of signs on 
cards. Accordingly, apes are even able to make some 
generalizations. And generalization borders on concep- 
tualization.... True, it has been held so far that the con- 
Cept is inseparable from the word. This inseparability, 
however, is only inherent in man. But in animals, accord- 
ing to modern thinking, concepts are simply different, 
namely they are less sophisticated than verbal human 
Ones, Scientists are led to conclude that the commonly ac- 
Cepted ideas about the functioning of the animal brain are 
in serious need of refinements. The nonspeech (the first 
one according to I. Pavlov) signal system “provides accept- 
ance not only at the level of concepts, the level of images, 
as is currently believed. In the nerve mechanisms of the 
Chimpanzee brain and, maybe in the brains of other an- 
thropoids, some subsystem is traceable that provides for 

perception at the conceptual, though preverbal, level. 

Preverbal! How close this ali turns out fo be to the 
Work of the visual mechanism, doesn’t it? Even in man 
everything occurs precisely like this — “preconsciously”, 
not in words, that is, rather similar to what occurs in 
animals, Why not assume that Moya’s drawings are an at- 
tempt to express in images some cOnceps of her own, to 
expose to herself her own internal world? 

Here we will leave the amazing apes and ask ourselves 
the question: what are pictures? Why now, when the in- 

ustrial and scientific revolution made a photographic 
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camera available to anybody, a device that in general gives 
a true representation of the brightness and colour of 
images, we still have painters who apply paints to their 
canvases using exactly such brushes as were used two and 
a half millenia ago by the painters of Ancient Greece? 
Why do pictures have prices that sometimes run into six- 
digit numbers, and some of them cannot be priced at all, 
whereas good copies, let alone reproductions, cost next to 
nothing as compared with the originals? 

Perhaps it is all a question of how well a painter can 
please his customer? In fact, according to the Ancient 
Roman writer Elian the law in Fivas decreed that “pain- 
ters and sculptors shall impart to what they represent 
features more exalted than in reality.” And any debasing 
of the original subject was heavily fined. But now the 
techniques of retouching and photomontage have reached 
Such heights that it is child's play for a good master to 
Temove some unflattering details in a photographic por- 
trait. 

Or perhaps this is explained by the fact that the eye in 
Beneral, and hence the painter’s eye as well, discerns 
millions of shades of colour, and grasp even minute varia- 
tions in brightness, whereas the best photographic plate 15 
unable to convey even a small percentage of the colour 
richness of the world? Well and good, but there is also 
the palette, And it, just like the photographic plate, is 
limited in its technical powers as to colour, and especially 
as to brightness. 

By selecting paints and artfully mixing them, a painter 
may produce the illusion of strikingly true (“just like a 
picture”) relations of colours and brightnesses. On the 
other hand, measurements Performed using even fairly 
rough instruments indicate that even approximate cor- 
respondence is lacking here, everything is "distorted". 
Perhaps then, a picture attracts us by its ability to pro- 
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ars as a disorderly, 
drawing shows a 


mbrandt appe 
distance, the 


ti iie of this drawing by Rer 
Noam lines. Viewed from à 
and a child 
duce an illusion? But you know that any trick soon 
becomes boring. Remember the kaleidoscope, how many 
minutes would you be able to watch it without break? But 
à picture may at times ca i for hours. And the 
Most interesting thing, also confirmed by art critics, is 
that a beholder is equally capable of admiring both ex- 
ceedingly true and fairly arbitrary representations of col- 


Ours a i 
urs and outlines. 
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Things are even more confused by the very paradox of 
the picture. For one thing, it is just canvas or paper, for 
the other, it goes far beyond the framework of “simply” 
canvas or paper. Stated another way, the material nature 
of a picture is added to by the spiritual elements of 
whoever looks at it. Without the beholder and his percep- 
tion no three-dimensionality emerges, there are no “true” 
dimensions. 

Who will then give us an answer as to what is a pic- 
ture? Let us try and look at canvases through the eye of 
an art critic who has a subtle feeling for painting. It may 
well be that this will bring us closer to our goal. What 
Pictures should we take for our analysis? Perhaps the 
Most suitable for our task are the postimpressionists, 
whose creative Output, according to the Great Soviet En- 
cyclopaedia, “by their Problematics lay the foundation of 
the history of fine arts in the 20th century.” The postim- 
Pressionists, who in their Pictures reflected the “painstak- 
ing and contradictory search by painters of stable 
ideological and moral values." And by the way, we will 
try to find out what makes painters different from one 
another in general, besides that they paint in a different 
style, as is generally said. 

“Everything in those canvases was permeated by sun; 
Present here were trees, which no botanist could identify; 
animals, about whose existence the very Cuviet had not 
suspected ... a sea that as if it Were poured out from the 
crater of a volcano; heavens in which no god could reside. 
Also present were cumbersome Sharp-shouldered natives, 

PER ve eyes suggested the mysterious- 
ness of infinity; and Phantasy embodied in flame-red, 
mauve and sparklingly red Shades; and purely decorative 


compositions in which flora and fauna eluded solar heat 
and luminescence.” 


This is Gauguin. 
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“The picture showed the Grande-Jatte Island. Here, like 
columns of a Gothic temple, towered some uncanny 
human creatures, which rather resembled some architec- 
tural structures and which were composed of spots in- 
finitely varying in colour. Grass, river, boats, trees — all 
was as if in a fog, all seemed an abstract cluster of colour 
Spots. 

“The picture was painted in very 
Monet and Degas, even Gauguin himself, would not dare 
to use such a light and such bright paints. It led the 
beholder into the realm of nearly unthinkable, abstract 
harmony. If this was life, it was a special unearthly life. 


The air flickered and glowed, but hardly a puff was to be 
felt in it. It was a sort of still life of the living, quivering 
d been completely driven 


Nature, from which all motion ha 
out," 

This is Seurat. 5 

"With the help of red and green colours, he tried to ex- 
Press wild human passions. He painted the interior ofa 
Cafe in blood-red and dark-yellow tones with a green 
billiard table in the middle. Four lemon-yellow lamps were 
Surrounded by an orange and green glow. The most con- 
trastive, dissonating shades of red and green struggled and 
collided in the small figures of sleeping tramps. He 
Wanted to show that a cafe is a place where a man may 
commit suicide, go crazy OF commit a crime. 

This is Van Gogh. 
ed At first in the foregrou 
a Coloured spots: tall stems of 3 

nvas, and compressed space, as it 2 F 
Our glance Slides up and down along the stems, next it 
Wanders to the right part of the picture, to the clear 
Outlines of the yellow stripe of an aqueduct. The aqueduct 
guides our glance away into the left part of the picture, 
and owing to the contraction in the linear perspective, 1t 


light tones, even 


nd we see bright, nonharmoniz- 
pines as if glued to the 
folded paper sheet. 
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e 
creates the illusion of some depth. Our glance e eri 
background, goes over to the mountain, and ps chor 
to the forefront. Next comes a second round o T mw 
amination: the glance now goes the the aqueduct, Gs 
mountain, trying to find its way in the mass of blue a 
and grasp the outline and volume of the ics ZH 
Several orange and red dash brush dabs on the rig ds 5 
of the mountain and light-yellow strokes covered NI BP 
thin layer of the blue on the top produce the pre : 
volume. And then the valley near the mountain acquire: 4 
th and the picture develops E 
ce of the foreground comes EX 
ne in the mutual arrangement i 
ted as ground and grass, shadow 
anything else the spot in the i 
a separate blue spot in the pla! : 
it joins the hill of clayey groun 
lue shadow on the ground. 


they begin to be accep 
and light. Longer than 
lower corner remains as 
of the canvas, But then 
and appears as a long b 
This is Cezanne, for 
The first three quotations are from the book Lust i 
Life by Irvi » the last one from the collec on e 
Works by the Workers of the Pushkin Museum of y^ 
itled Western European Arts of F I 
Second Half of the 19h Century, the contents of whic i 
am going to draw on extensively in the rest of the T 
r Personalities, four different wor 


ut 
Four worlds? Or maybe one, b 
transformed in accord; 


ance with the perceptions of the ar 

tist? Hee 
Critics are unanimous in their opinion. These and ot 

postimpressionists are &reat not in their technique, 
although it is of significance and interest, but in that they 
were telling the world Something totally new. : ei 
foresaw the upheavels of the 20th century. The Soviet ar 
critic Levitin states: “Our century, with its grandiose wars 


| 
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use-Lautrec, 1890 


The Dance in Moulen Rouge bY Toulo 


s, shattering of all the 
d not according to 
World War, but 
rmoil of postim- 


roial revolutions, millions of death 
Pgs of the world outlook starte 
à € calendar and not with the First 
Piritually it started with the ecstatic tU 
Pressionism." 

_In order to express their sensations, the postimpres- 
Sionists intentionally "distorted nature". In the picture 


The Dance in Moulen Rouge Toulouse-Lautrec exag- 
hat he wanted to bring out, 


MM exactly those things tha ep 
W attention to. In the centre are à PA of dancers, 
alentin Le Desosse, named "the snake-man" and his 
Partner La Gulue. Does anyone have such Wavy legs as 

alentin’s? Have you ever seen knees where the audacious 
Toulouse-Lautrec has painted them? And when has a 
dancer, even the most dashing one, ever been able to twist 


50, as La Gulue does in the picture? 


10-667 
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And also, have you ever seen such a wildly age d 
pair? Have you ever happened to witness a picture, - 
in its texture, turn into a sort of cinemascreen? Just look, 
he shifts his legs, that Valentin Le Desosse! 

Yes, the turn of the century was the time of search for 
artistic expression, and not only in France. Russian 
painters also made a significant contribution. The prob- 
lem of the representation of motion was successfully solv- 
ed by the Russian painter Surikov. His Viene gi 
Morozova is precisely an example of that sort O 
mastery. The painter reminisced: *Do you know that for 
my Boyarynia Morozova | repeatedly added more can- 
vas. My horse would not go, an 
ing points and there are de. 
mathematics. The sit 


d in motion there are liv- 
ad ones. This is sheer 
ting figures in the sledge hold it in 
Place. I had to find the distance from the frame to the 
sledge to set the sledge in motion. Just a little bit of the 
distance the sledge will remain Stationary. But Leo 
Tolstoy when he and his wife came to have a look at 
Morozova said, "At the bottom, it is necessary to cul 
some off, the bottom is not required, it interferes! But 
nothing can be Temoved from there — the sledge will not 
go.” 

And in that picture not everything is “like in real life”. 
The critics of the time competed with one another search- 
ing for “irregularities”: not enough place for the carter, 
the boyarynia's hand is too long and twisted in an 


he sledge rides as if in the field... 
from Surikov himself: “Without 


very spirit of time is there, one is free to make any devia- 
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oe And when everything is exactly like it 

e — it is repugnant." 

Aeolus turns out that distortions of this sort by no 

an indicate lack of proficiency in painting nor the 
to try to be original, a sin about which Toulouse- 


Lautree and those who shared his. views had to hear 
h the goal 


much. Those "distortions" are a means tO reach 
without fail. 
ia did Van Gogh try to achieve 
short us coloured contouring, his 8 
"uires y all those procedures E 
in his vs in his pictures? That is how 
a letters to his brother Theo: 
I want to paint a portrait of my friend, a painter of 
is dreams, who works in the same way a nightingale 
e this is his nature. The man will be a fair-haired. I 
all i like to convey in my painting all the surprise and 
Min e love I feel for him. So, at first 1 will paint him as 
'ccurately as I can. After that, however, the picture is not 
toe To finish it I will become an arbitrary colourist. 
tenes the fairness of his hair. j € 
in lie to chrome, to light-lemon colour. Behind the head, 
ai ieu of a conventional wall in a conventional room, I 
ila infinity. I make the background the richest blue, the 
| "Best I can manage to get. In such a way, the fair, 
a head against the background of the richest S 
MA T give a mystical impression, like a star in blue 


with his huge dabs, 
laring colours, in 
emphasize the 
he explained it 


| bring it to orange 


A ; ; ed 
a now concerning another pictures Lullaby: this is 
vi epresentation of how a sailor, ignorant of painting, 
Sualizes 4 : Ser easi 

m izes a woman on the shore, while on the high seas. 
sé would like to paint so that all who have eyes would 

"e everything clearly” — such is the creative creed of the 
Painter, 


a 


tos 
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And Cezanne’s landscapes, as was noticed by art critics, 
are all based on curvilinearity. With him the classic 
perspective is distorted (note that Surikov, Vrubel, and 
many other painters were also accused of this “sin”), But 
Cezanne's many-grounds are of an absolutely different 
nature than, say, Poussin's. In works of old masters, 4 
Soviet art critic attracts our attention, the landscape in- 
vited us into the depth of the Picture forcing our sight to 
pass gradually from the foreground to the background. In 
Cezanne, on the contrary, it is almost as if the landscape 
counteracts the intrusion of the sight, forces it to over- 
come some resistance, to wander over the space of the 
Picture in a fairly complex manner. The world of Cezanne 
is perceived in labours, in the active work of perception, 
because the painter “reconstructs the unified image of the 
world, logically passing over to the discovery of the emo- 
tional and philosophical perception of nature." ý 

When looking at Cezanne’s world, it seems that it 
rotates, rocking about the central axis of the picture. The 
painter turned out many canvases, trying to master the 
dynamics of bends in roads. He audaciously violates the 
canons of painting: his paints do not fade out in going 
Over to backgrounds, as it was considered necessary 
according to the theory of air perspective (about Surikov's 
Boyarynia Morozova some critic wrote: “There is no air 

easily achieved by erasing 
background”), lines do not 
car perspective. Objects seem 
KONCIE the picture, the background 
away and near. Cezanne 
a term. He drew different sj 
angles and connected them t 
wholeness; his Objects, as it 
one side, now with another, 


des of objects from different 
© form a unity, merged into a 
Were, turn in space now with 
and such an unusual feature 
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“conveys all the plastic expressiveness of the separate parts 
of the landscape.... The totality of procedures produces 
on the canvas a new picturesque space.” 
_ Exactly so, a space. To a painter space is different than 
itis to us. I is organized, itis subdued by the logic of ar- 
tistic creation, it has none of the fortuities which are 
characteristic of the world we see through a window. Our 
sight involuntarily seeks some agreement, rhythm, 
order — such is the construction of the human visual ap- 
paratus (why this is so will be discussed later in the book). 
And the painter does the work of organizing the material 
for us: take it and use it. 

You only need at first to make some 
cnet one's brain, to view a piece of p 
erent manner than a car or a pair of shoes, that is, not in 
Such a primitive and practical manner. To understand pic- 
tures takes some schooling. Children trace the outline with 
a finger to distinguish an object in à picture. from 
others — the unskilled identification appare is confused 
by the tangle of lines. Their parents, sometimes with à 
measure of bravado, proclaim their lack of understanding 
Of some painters: everything there is SO different. They 
are unable to think of a picture as a window to another 
World! They consider their opinion the only criterion and 
applaud the critic who once arrogantly stated in a Parisian 
Newspaper: “How can Mr. Corot see nature as he presents 
it to us, When strolling in the woods we never see trees 
similar to those depicted by Mr. Corot.” . , 

Such people are fond of photographs, especially colour 
Ones. But even the photography of today is not what ut 
used to be decades ago. The world of photographic image 
Produced from a random point is? random glance. It is 
Of absolutely no interest, what an amateur photographer 
Uncovers having developed his first film. What seemed to 
be so beautiful appears nauseatingly boring: the mood 


effort, to teach 
ainting in a dif- 
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that accompanied him when he admired the landscape is 
absent. But whence does it come from, that mood? How 
is it to be squeezed into the frame? “At present a 
technically skilled image is accepted as a fact, as 
Something that goes without saying. Claims at artistic 
photography may only be made by works with profound 
content and perfect form" — having read this the begin- 


to his surprise he will reveal 


- A rich variety of objectives, 
Printing procedures; suffice it 
zine to see how differently are 
phers, how they go overboard 
ss the world — exactly to ex- 
th a maximal approximation to 


The super wide-angle camera (“fish eye”) distorts image 
exceedingly, turning Straight lines into arcs — just 


remember Cezanne, Solarization turns a photographic pic- 
ture into a 


skeleton picture painted with a bushy 
brush — the extremely emphasized figures have been in- 


n Gogh. A coloured landscape made into a 
cluster of coloured Points — Seurat, Signac. 


No, 1 don't want here to act as à prosecutor of 
photographers, accusing them of plagiarism. Simply, this 
approach is very i 


To see all, to understand all 
All the forms, all the colour: 
To walk over the world wit 
To accept all and again to 


» 10 experience all, 

S to take in by the eye, 
h burning feet, 
incarnate, 
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im attempts are not that unavailing. The further 
A ste the more they deviate from just copying 
paper ey create their space on sheets of photographic 
They Ms comprehend the real world in their own way. 
i Sots no mercy removing anything extraneous from 
Pl Aa make positive prints using two or three 
sse A if the expressiveness of one is insufficient. They 
Lei world like artists, each in his own way. 
titles a now recede into the past, two and a half cen- 
ack. 

med Pese 1715. Ten years b! 
Ordered a Marine Academy was ope! 
(1) arit that the following subjects would be taught there: 
Cee nmetic, (2) geometry, (3) small arms, (4) artillery, 
phe vigation, (6) fortification, (7) geography, (8) the 

ure of a ship’s hull and rigging, (9) drawing, (10) 


fencing. 
In 1716 a Surgery School at St. Petersburg military 
o, drawing was one 


lies 
A din was commissioned. Here, to 
subjects. 
nona S students drawing? Parts of war ships, can- 
landsc rgans of the human body? Nothing of the kind: 
of SEES and portraits! Why with the extreme shortage 
train ps people at the time, when it was necessary to 
On a E: many specialists as possible, did they waste time 
ri did useless thing? — 
Ree ace takes as much activi 
hese a — who said this? A modern i 
ko. re words of the teacher of Surikov, Repin, Vrubel, 
teachin, Polenov, Vasnetsov — Pavel Chistyakov. “The 
evelo zor drawing constitutes SO important a subject for 
Pichena in children of the ability to observe and com- 
with oth that in schools it should be put on equal footing 
e na er subjects," — these words also belong to him. 
Drove mes of his great students, artists of world reknown, 
With great weight the truth of his thoughts. 


efore the death of 
ned there. It was 


ty of the brain as 
lyrical poet? No. 
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i o 
Perhaps now we are gradually coming es a e 
understanding why some paint Pictures and others loo 


To ponder... To think about the world... about 
your place in that infinite Uni 


A Psychologist, Arnheim 
wrote: “A product of fi 
author’s thoughts, but 
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were never painted before or since. Many E 
remember Botticelli and his pictures, but who can te P Or 
the name of the political boss of Florence at that bow d 
Who had the biggest importing business in ken in 
Which city was at war with which, and who won? ho ruled 
Russian history, who can offhand name the tsars who and 
When Andrey Rublev, Briullov, Kuindji, Repin, 
Surikov worked and lived? - 

Great beanie immortal because the scale “hat oot 
tist’s thoughts is large (it should not be forgotten sque 
Oristics, too, is a reflection of thinking). A grea ical 
never confines himself in a nutshell, never i ai 
issues of life, although on the face of it, it me t app! 
So. A poet wrote: 


And since they did not recognize him, 
He decided to paint himself. 
And the picture came forth to light from darkness, 


And everybody shouted: 
is is we! 

Yes, with his works of art, his thoughts, an artist Ms 
to the general masses. “Pravda” reported once: for the 
ibition of pictures is always a citizen’s Oia Mes of 
Painter, who exposes for public assessment * decis 
ife, time, and man. Here, in contact with T ig 
the company of work of his colleagues shades the 
Possibility to test the health of his artistic atta Of his 
depth of his understanding of the spiritual ne 
Contemporaries.” 


Chapter Eleven 


Direct Consequences 
of the Inverted View 


Any idea foreign to our way of looking at 

things and f, eeling them always seems in- 
congruous to us, 

Helvétius 

Concerning the Mind 


The inverted world has long been a stumbling block for 
physiologists. It Was obtained, if you remember, from the 
geometrical construction of the path of rays in the eye as 
drawn by Kepler. But the first to see it was Descartes 
whose ideas Published in The Treatise on Light guided the 
second half of the 17th century and the entire 18th cen- 
tury. Descartes took a bovine eye and removed from its 
back wall the nontransparent layer, and then fixed that 
natural camera obscura in a hole cut in a window shutter. 
And immediately on the translucent sphere of the eye, he 
saw the view he could Observe from the window. 

The view was inverted, But like Kepler, Descartes was 
He was sure that the soul even from 
9 reconstruct quite a real image of 
rue, he did not ask himself whether 


i the right side in the field of vision is 
the left one in reality, and vice versa. Also astronomers 
are not disturbed by the inverted image of the Moon in 
their telescopes, and Photographers using cameras with 
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a glass (a rarity now) experience no discomfort when 
ng at the “inverted” view. 
ns examples, however, do not carry much weight. In 
icroscope, telescope, and frosted glass of a camera, 
man deals with images that do not have stereoscopic 
depth. In his visual field he does not see his own hands 
nw he does not have to coordinate his movements with 
i arrangement of objects in space. Observations general- 
y are not very long, and this is also to be taken into ac- 
owes In a nutshell, a decisive experiment was ECESSAEY 
d Was first staged by Professor of Psychology George 
ratton of California University in 1896, using himself as 


the subject. 

_At first his perceptions were not that agreeable. His 

LM remained clear, but objects appeared fairly strange. 
* wrote in his diary: "The impression was that these 


displaced, false, illusory images reside between myself and 
seen one way and 


He Objects as such. Things were si ‘ 
Ought of another way.” For the first three days the 
Scientist experienced nausea and other symptoms of sea 
Sickness. On the fourth day his organism started to return 
to normal, only mistakes in determining right and left re- 
Mained, and on the fifth day even they were gone. The 
Man adapted to the unusual world. And when the spec- 
tacles were removed, the transition tO the earlier, 
“ninverted world occürred amazingly quickly, br one 
°F two hours, In other words, the restructuring x 7 stier 
verting mechanism” during the experiment left the ca 


habits of the brain untouched. 
tig, tunately, the value oft 
T epe both by its ae 
e inverti ectacles F 
verted CR apy ony viewed by one ee: Mar 
we know, of great importance for us 1S binocu' Sed that 
Which imparts depth to objects- It might be asst 


he experiment was substan- 


duration a fa 
e monocular. The “in- 
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by overturning the world in both eyes an experimentalist 
would experience stronger effects. 3 

This was exactly the case when 40 years after Stratton s 
experiments, his compatriot Peterson put on binocular in- 
verting spectacles. He wrote: “I saw my foot approaching 
me over a rug, which was somewhere in front of me. For 
the first time I experienced such unusual visual impres- 
sions as walking toward myself. Plates on the table 
twisted so that they became small hills, and it was very 
strange to observe a spoon moving to the top of liquid, 
remove it — and nothing spilled. When I entered a long 
Passage, I found that the floor looked like a cape, On 
either side of which walls descended. This was all the 
more strange since I could touch the walls with my hands. 
The wall at the end of the Passage looked as if it advanced 
toward me, and the side-walls as if they receded from it, 
although I touched them with my hands.” 

Just like in Stratton's experiment, such disagreeable 
Sensations disappeared in several days. And then the 
Fesearcher simply took no notice of the inverting lenses 
until the very end of the experiment. Just as if he were 
born that way. What is more, when eight months later 
Peterson put on the Spectacles once again, it turned out 
that his brain during the time elapsed did not forget the 
habits acquired: The scientist felt absolutely comfortable 
F e there had been no interrup- 
ion. 

What of it, 


; } " 
is everything clear, is everything solved? 
Scientists would 1 A 


e « not be scientists if they did not perform 
their experiments over and Over again. New workers 
always make their own Contributions to experimental 
techniques so as to shed new light on a problem. Exactly 
this took place when Frederick. Sneyder decided to repeat 
the experiments of his Predecessors. He wore the spec 
tacles for a whole month, longer than anybody before 


Ch. i 
11. Direct Consequences of the Invertéd View 157 


him. With ti 
im. With time he absolutely forgot about the glasses and 


th i i 
ought that his brain had completely returned to the 


eri i $ 
perception of the inverted world. But then somebody asked 
have you seen: direct or in- 


him: *But still, which objects 
verted?” 
ce some thought Sneyder answered: “Before you 
ae me, they seemed to be standing normally. Now that 
ia yaa how they looked before I put on these lenses, 
dpon pn to say that I see them as inverted. But as long 
a u did not ask me about it, 1 absolutely did not notice 
l remember... | saw. I see... 
Possible that we possess two visions, 
Other “imaginable”? 
Psychologists attempted to approach the problem based 
on the division of perception into “visible worlds” and 
visible fields” made by the American scientist James Gib- 
son in 1950 in his book Perception of the Visual World. 
The Soviet psychologist A.N. Leontiev treats the "visi- 
ble world" and the “visible field" 


Same process of vision. At one stage WO 
tissue", that is, the retina, that brings tO the brain, as it 


were, a flat picture projected by the crystalline lens. At 
» is worked out, Or 


What is it? Is it 
«visible" and the 


the other stage, the «real contents 
rather it is constructed in the brain based on the world of 
experience of man. 


sensory tissue and the past 
Logvinenko and Stolin 
their attention to the extremely 
visible field" and of t 
Observed through invertin 
decided to test whether Or 
field" through inverting lenses: 
of the Psychology Department. 
view the surrounding world *accordin 
then she put on the inverting spectacles. 


of Moscow University turned 
similar descriptions of the 
world that people 
. And so it was 
lly see the “visible 
t was a student 
f all learned to 


not we rea 
The subjec 


tin 
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got used to the inverted world and it became for her e 
habitual as the normal world, she tried to peer into it 
again “according to Gibson”. As had been expected, the 
view before her overturned as it did on the first day after 
she had just put on her spectacles, 

What is one to make of i 
by the crystalline lens is supplied by the retina to the brain 
visible field” is, as it 
on mechanism, one of 


ust ccc his Parents standing on their feet OF 
heads. He just sees their Parents and that is all there is to 
of top and bottom comes to him later. 
In an adult, however, over years of practice the “top- 
bottom” channel learns to Provide the information re- 
quired. But what has been taught may be retaught. In 
other words, we are able to Override the signal “the world 
is upside down” that, due to the presence of inverting 
lenses, keeps coming to the brain from the visual ap- 
paratus. And then there is Nothing mysterious in the “in- 
version”, when a man who has long got used to the inver- 


it. The notion 
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tin is 
to see cni Piin by the force of his will again begins 
A volitional $ world upside down”. The trick is simple. 
world is u Bache removes the ban, and the signal “the 
inversion pri 5 own" arrives at the brain. The channel of 
Spéctaclés idt £ operates and reminds the man that the 
ae e still on. ; 
ed) i brain is capable of such complex 
development b ign goes to prove its especially high 
creatures: So um compared with the brain of any other 
it resus = M hen inverting spectacles are put on an ape, 
slippers sini a destructive psychological blow. The ape 
, makes some irregular movements and collapses. 


We wi 

M Na un : ra . 

UE a classical coma picture: reflexes die out, 

ation becomes rapid and superficial, blood pressure 
is about to die. The 


xm The animal looks aS if it T 
which remains for days in this extremely acute condition 
System is indicative of heavy damage to the nervous 
pace - Slowly, step by step, the ape’s ability to respond 
For Tae stimuli, if only to the strongest ones, returns. 
switek S most part the ape lies motionless, aS if it has 
Temi hed off the surrounding world. All of this. exactly 
minds the state of an animal which has gone blind after 
à disease". 
PUMA: what about man. He W 
mplex impacts on his visual system. 
Programme, Logvinenko an Stolin U 


dis T 
istorted the correlation between the posit! 
rom the muse 


ithstands even much more 
In their follow-up 
sed lenses that 
on of an object 
on the retina and signals f les moving the 
eyeball. Normally the situation is like this: the closer an 
object the more intensely the optical axes of the eyes must 
converge for the image not 1o double. The spectacles in- 
terfered with the direct relation by making it inverse. The 
vision would order the eyes to con but the com- 
mands coming from the muscles would order 


the opposite, that is, tO diverge: 
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muscles controlling the crystalline lens (the image Pad 
kept in contrast) must also be fed with Scent ce 
mands. The brain, you see, had a hard nut to crac 3 2n 
although nothing like an ape's reaction was observe , A 
the brain was totally baffled. All the routine attitudes à 
the human subject were disrupted, and fresh, unusual x 
ages emerged. Shadows, for example, ceased to tà 
shadows. They could *be perceived now as the colour o 
surface, now as a transparent area with black ipe indice | 
beyond, and now as some peculiar translucent plane, an 
So on". That is something! "Transparent shadow" con- 


e X te 
Structed by the brain Only because it is unable to correla 
visual and motor signals. 


Yes, all these experiment 
that the pictures of the wo 
ing” reality, only reflect it 
apparatus and all the se 
cooperation. All the perc 
comprehending reality. 


Gibson's “visible field” is, crudely speaking, 5 
photographic Picture of objects produced by the retina. 
Photograph is Primitive, flat, and telling us next to 


nothing about the world of Photography. The one, à 
beginner produces without any idea behind it, so to 
speak. 

But the *visible world" 
No wonder experienced te 


5 demonstrate beyond a doubt 
rld seen by the eye and “reflect- 
accurately as long as the visual 
nses function normally and in 
eptive organs must take part in 
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T phe see and do not hear, 

They Me pecia while in this world, 

NEC eel the breath of the sun, 
ow of life in the waves of the sea. 


a not entered into their souls, 
Woods > not flowered in their breasts, 
Ana mA ee not spoken in their presence, 
E m night is dumb to them. 
ae eee whose unearthly speech 
Hes M UR nets and shakes the woods 
With then taken counsel at night 
in friendly conversation. 


(Translated by Jesse Zeldin) 


Ps be sure, all the above by nO means belittles the role 
OF science, the role of the logical in the comprehension of 
But the truth 


the 2 
the world and the laws of nature governing. 
n the arts as à sort of 


IS 

mu great scientists drew 0 e gs n 
math for their theoretical studies. he French 
tion ematician Poincaré maintains that useful combina- 
to ii are precisely elegant combinations, that is, those that 
feli € largest degree are able to satisfy that special esthetic 
ing that is known to all mathematicians. And Karl 
arx stated it even more definitely: «Whatever disadvant- 
ages are in my works the one advantage of 
representing ore artistic whole.” Science reveals general, 
“above-human” laws. AT study man, cogne the 
P rap in objects and P d xe E 

ated, i oc n i . Science without a 
, including in science itself etc hey are a Song 


à cold l 
ld and hostile phenomenon, togel i 
glorifying man. To penetrate into the essence of things, it 
+, imaginati adequate 
isi jd" we have 


is 
ea to have in ones 
model of th of the Very 

enora arts very little can be ac- 


Just discussed. And without 
Omplished here. 
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: 0s 
The Austrian mathematician Gódel early um 
proved a theorem that became known in cognition eat 
as the “Gödel theorem”. It states that any ein 
logical system in Principle cannot be complete. T! can be 
it there can always be found a statement that us 
neither disproved nor Proved using the means esi 
System. To discuss such a statement one must go je will 
the system, otherwise nothing but a vicious circ dien 
result. So, many philosophers believe that arts in re itt 
to science is exactly that “other world” which One” nee: 
enter to satisfy the Gédel theorem in relation to x i 
that gigantic logical System. Science opens up Hm i 
the real image of the World we live in — and still it w 
be incomplete without arts. rSn. 
The saying goes: “Each is the maker of his 


». May it be 
destiny." Let us add, and Of his “visible world". May it 
rich and beautiful for each of us! 


Chapter Twelve 
The Palette 


... For colour to eme 
lightness and darkness, 
dark, or using a more 
light and nonlight. 


rge are necessary 
the light and the 
general formula, 


Goethe 


Louis Jacque Lumiére 
other Auguste invented 
r colour photography, 


When in 1903 the French chemist 
(the same who together with his br 
cinématographe) decided to go in fo 
he knew nothing about the structure of the retina of the 
hen. And still in his new invention he nearly literally 
reproduced an important feature of its scheme. 


In the hen, just as in many birds and in some species of 
turtles, before the completely identical retinal receptors 


nature placed light filters—fat cells of red, orange, and 
yellow-greenish colour, in addition tO colourless ones. But 
Lumière took grains of starch, coloured them red, green, 
and blue, and then sprinkled this three-colour powder on- 


to a photographic plate. 
The inventor was guide 
that is now generally refe ne 
One. it dates back to the lectu d on the origins 
Of light, which represents 2 of colours , 
delivered by Mikhail Lomonosov at a public meeting of 
the Imperial Academy of Sciences 9 
The great Russian scientist reporte 
and Observed through many years, an 
trials with sufficient probability that thi 


Particles show correspondence wit 


eory of colour vision 


d by the th 
three-component 


rred to as a 
re “A wor 


neni particles that constitui? n from a secon 
irst e red cO ? 
type of ether comes m her colours are born 


yellow, and from the third blue. ot : 
: i mazin. 
by mixing these first three- Nature is all the more à g 


Ite 
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in that in its simplicity it is full of tricks, and from a 
small number of causes it pronounces (sic) innumerable 
images of properties, changes, and phenomena.” 

That bold thought was not appreciated by „the then 
half a century later that 
en the three-component 
English physicist Thomas 
sov’s ideas gave him, to 
for speculations. Young 
fact: the retina mustin- 


? This is unlikely, for the ar- 
d be too complicated. It would then be 
logical to Suppose that colour.sensitive elements are 
relatively few, but it is due to their combined effect that 
the sensation of the infinite richness of shades is pro~ 
duced. The three colour-carrying ethers, mentioned by 


Lomonosov, are transformed into three colour-sensitive 
elements of the i 


retina. Young’s assumptions were 
developed by Helm 


holtz in the years 1859-1866 into the 
three-component theory, 


It is now w 


, 
arly as well as man. The sensitivity 
of its cones to electromagnetic radiation with different 
wavelengths showed a Satisfactory agreement with theory. 

But nature did not install any light filters in front of the 
photoreceptors of our retina. It was more ingenious: it 
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each of which 
ne of the 
propriate 


Ti 
A several various pigments, 
pigments vea to its own quanta. Should o 
tones and be absent, man does not perceive ap 
With the En Ce partially colour-blind, as was the case 
deficiency i sir | physicist John Dalton, after whom that 
it has been ns is now called daltonism. By the way, 
Young. iscovered in Dalton by none other than 
Muse pres weakly sensitive and concentrated 
Whereas rod e centre of the retina, are used by day. 
nore: ner which as you remember are. about 27 times 
Sin, we-use eh crs which contain the pigment rhodop- 
Sensitivity bid night. That is why they possess such a high 
type of rod nfortunately, there are not three but only one 
We discer s, and so neither by twilight nor by night can 
the rele > colours. A saying goes: “All cats are grey in 
nor to on The rods are able to respond neither 19 red, 
of fice oan nor to yellow rays, and therefore objects 
On the p appear black under poor illumination. 
sensitiv other hand, the “night” elements of the retina are 
that onic. ultraviolet radiation. True, we do not need 
UV " ity: the crystalline lens, like a light filter, cuts on 
and iste if by operation the crystalline lens 1$ remove! 
radiatie aced by a plastic lens, transparent t 
table oo patients then read the entire opht 
Pk the light of a UV lamp. People 
they se nothing under such circumstances 
B are being deceived. 
RE back to the three-component theory 
our oot explanation of how various pain 
ee of spectral colours. It suggests Way t x 
pleo re to show to it one colour hy moane E “i 
aie igiene rays. To T pedet od 
À various cones in the y. I 
5st, for Gud a multitude of colour combinations that 


ory. It provides à 
ts are formed 
“deceive” the 
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are perceived as white: wavelenghts 486 and 590 nm*— 
blue and orange; 467 and 572 nm—dark blue and yellow- 
greenish; 494 and 640 nm—red and green; and so on and 
so forth, Red plus green may give a beautiful yellow 
shade, but it can also be obtained from orange and navy 
blue. Recipes for producing any colour from the middle 
of the spectrum are legion. Instructions are plentiful in 
textbooks, but textbooks keep silent about what theory 
does not explain. And it does not explain quite a lot. - 

Let us take for example black colour. Generally it is 
associated with the absolutely black body, that is, a body 
that absorbs all the radiation incident on it. A good ap- 
proximation to so ideal an Object is a small hole in the 
wall of a box lined with black velvet inside. Absolutely 
black bodies are necessary to physicists, they are their 
reference standards for light measurements. But Goethe 
Was right in saying that “the existing does not divide by 
reason without a remainder,” The functioning of physical 


instruments is far from equivalent to the functioning of 
the eye, 


The Soviet scientist N. D. 
at his postgraduate: 
"What is the colour brown? 


ge and black paints, but such 
Black, according to its defini- 


Spectral tones. By the way, why is 
there white light (and white Paint), but no black or brown 
light, although there 


exist black and brown paints? 


* nm is nanometre, 1 nm — 0.000.001 mm. 
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It T 
Cuetec that vision cannot be confined within the 
fatti However pa of the three-component theory. This 
ble nor ioc rt ough not exactly ignored—it is impossi- 

eat aie the obvious!—was evaded. 
example pe "a been made to account for the effect, for 
Ot Bins and iin that “black reduces the brightness 
dictation fio erefore 0 of colour as well". I took that 
xolour end egy fairly respectable book devoted to 
pemanis oan 5 Perhaps the author made no ex- 
light flics Hs erwise he would know that a neutral grey 
pd n sharply reduce the brightness of a projec- 
GE suns still remains flooded by the same col- 
"dilutes it urthermore, white colour added to any die 
dup. " and makes it less saturated, although does not 
different Mod Why then do we obtain an absolutely 

VISIT ect when we add black colour? M. 
iv-recenti s an important amazing feature that until fair- 
topi for ii as amazed all a lot: it can introduce correc- 
rectly’ in illumination. That is, it can perceive colours cor- 
din dun general, although the spectral characteristics of 
light eie vary widely: a gloomy day is rich in blue 
rit ea candescent lamps are yellowish, but still we 
E colours correctly by automatically introducing 

ection for the light source. What sort of mechanism is 


this? 
on one time it was thought that the eye seeks something 
ite in any picture (that it is really white is known from 
Past experience) and from it it makes correction for the 
e; Say, an excess 


a ns 
tered spectral composition of the soure 
there is no white, a light 


n red or dark-blue rays. And if 
pot will do, since it always seems to be white. Sceptics 
with green velvet to kill all 


Objected: if you line a room 


e light spots, the fabric, nevertheless, wi 
hy? But here the experts would only raise t 


and answer: This is just so. And physiologists W 


I] still be green. 
heir hands 
ould start 
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Eye micromovements: 
saccadic jumps. We see 


high-frequency tremor, smooth drift and 
only because our eyes are never at rest 


ts look pensively, severely, gaily, 
ce that they are fixed, just as We 
eyes are in constant movement. | 
rounds” (as referred to above) made 


or slyly. We do not noti 
do not notice that our 
do not mean those “ 
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nr M in viewing a picture. There are other 
onea as well. They do not obey our will and are un- 
yout e. It is also impossible to stop them, however 
n ry to focus your sight on a point. 
- tg muscles are unable to hold the eyeball in a state 
cpa es Moreover, their task is just the opposite: to 
Dum ose continuous micromovements. First, the 
100 iss which the eye quivers with a frequency of about 
MEER z. The tremor amplitude is negligible, it I5 about 
un regis of a photoreceptor of the fovea, of which 
millim se about 50,000 on the area of one square 
shifts etre, Second, there exist drifts, that is, slow, gentle 
shifts of the sight. Third, drift periods alternate with small 
Jumps, microsaccades. Sight “swims” and suddenly, by a 
Jump, it shifts sidewards, where again drift starts. Those 
microsaccadic movements are also insignificant in 
amplitude: a point projected onto the fovea of the retina 


would not go beyond its confines even with the largest 
times a second the eye per- 


microjump. From three to five 
forms a large saccadic jump that is imperceptible from 
Outside, Why? What will happen if all these movements 
are stopped? 

To stop them... To this end, 
à small projector with a pocket 
Objects. The projector was 50 tiny that atmospheric 
Pressure “glued” it directly to the eyeball, so that the test- 
object appeared to be totally motionless relative to the 
retina, And... And in a second oF SO after an image 
became fixed, it disappeared? picture in the 
eye’s field of view we have a light grey shroud. The 
scientist called its colour a will become clear from 
what follows). By the way, could also be 
seen without the sucker. Jus ly dark room 
and close your eyes to be on the safe side. In about 10 
minutes your patience will be rewarded: you will notice 


invented a sucker, 


Yarbus 
to insert pictures, the test- 
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that before your eyes you have not blackness, as might be 
expected, but something light. 

Well, what about the sucker? Where has the image 
gone? Just a slight rap at the test-object with the end of a 
pencil, and it is there again, in your sight. It appears only 
to disappear again in a split second. Now it is more or 
less clear: the rap has disturbed the immobility of the pic- 
ture relative to the retina. It follows that only move- 
ment—of either the eye or the picture, it does not mat- 
ter—which produces a visual image: movement is essen- 
tially necessary for vision to work. 

Really, suffice it to introduce in front of the test-object 
something moving for that Object to be splendidly discer- 
nible against the background of the zero colour. Accor- 
dingly, the zero colour and the object are independent. 

The inferences from these experiments are shocking: the 
presence of light alone does not guarantee vision. Both 
total darkness and total immobility of an illuminated im- 
age relative to the retina are both the same for the visual 
apparatus. In both cases man sees nothing but the zero 
colour. Furthermore, let the brightness of the test-object 
Stopped by the sucker be arbitrary, so it may jump or 
grow indefinitely, the eye would not take notice of that. 
Yarbus wrote: *Even the hot, blindingly glowing filament 
of an incandescent lamp becomes invisible." 

Which element in the visual System switches off? The 
retina. The other eye, having no Sucker, continues to see 
everything well. It follows that after a chiasm all the 
Structures of the visual apparatus through which signals 


from both retinas pass in the same way act in a normal 
manner. 


In what do the retinas differ 
€ye with the sucker the picture 
areas, so that 
brightness that d 


then? Only in that in the 
keeps getting on the same 
the Photoreceptors receive constant 
oes not change at all. Wherever light 
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strikes for the first time it keeps striking there, and 
likewise the dark areas stay dark. But photoreceptors need 
something different, they need a light incident upon them 
varying in its brightness at all times. It is taken care of by 
the muscles that make an image (whose brightness at each 
point is generally different) “dance” over the bottom of 
the eyeball. To this end, the eye keeps moving all the 
time. 

Yarbus’s experiments mentioned above became 
Classical, just as his experiments on the recording of the 
eye movements. These results are referred to by all the 
Workers in the fields of psychology and physiology of vi- 
Sion. But those experiments were only the first step on the 
path to decipher the enigma of colour. So, it appears that 
the words "different brightness", we have just used, give 
rise to many questions and surprises. 

Everything started with studies that had to answer the 


question: What will happen if zero colour appears against 
ge? For the experiment 


the background of some visible ima 
Yarbus manufactured a sucker such that its test-object on- 
ly blotted out a part of the eye’s field of vision. A subject 
who participated in the experiment saw à strange thing: 
the test-object (just a piece of, white paper) iurned into 
some kind of chameleon. Once the gaze was directed at a 
large green shield, the paper became green, against the 
background of a red shield red, and against ihe 
background of the yellow shield yellow, it took just 
several seconds for the test-object 10 change colour and 
melt with the background. The white paper was replaced 
by a coloured one, but this (by the way» as was expected) 
did not affect its colour-changing Properties. 

A contradiction cropped up. On the one hand, a sta- 


tionary test-object must produce zero colour on the retinal 
sted. On the other hand, the 


area where the image is projec 
visual system ignores this and replaces the zero colour 


Á 
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with another one, which depends on the background, thus 
generating colour (strictly speaking, not always: if the 
background is particoloured and the screen covers several 
colours simultaneously, the visual apparatus does not 
want to sort out the hodge-podge, with the result that the 
Subject sees at last a zero-colour Spot against a par- 
ticoloured background). 

To get to the truth, Yarbus used a two-colour screen: a 
grey "bull's-eye" against a white background, How will 
vision behave now? At first, however, the two-colour 
Screen merged with the background, but then the ex- 
Perimentalist lit it with a blinking light. And, it emerged 
as a unicolour one, white, without any grey “bull’s-eye 


inside, and so, as it were, a white hole appeared in the 
coloured background. 


This was an amaz 
suddenly appear, 


How do brightn 
white screen and j 
blinking lamp? It 


Both the screen and the “bull’s-eye” become now brighter 
and now duller. The relative brightness at the boundary 
experiences a zero change. 

But the situation is different at the boundary “screen- 
background”, The constant brightness of the background 
there, as it were, is compared by the eye with the variable 
brightness of the Screen. Put another way, the relative (for 
vision) brightness is nonzero here. Its variations make it 
Possible for sight to function and for us to see. If there 
are no relative variations, then everything that lies within 
the boundaries takes on the colour of the surrounding 
background. Such was the result of the experiment. 
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Nature gave a most interesting answer to a well for- 
mulated problem. 

But a sceptic might well ask: "What relative variations 
are? A lamp on the ceiling illuminates a room without 
blinking. Where do relative variations of brightness come 
from in a real-life picture?" The answer is simple: the im- 
age keeps shifting over the retina during the 
micromovements with the result that the receptors are il- 
luminated now more brightly and now more dimly. 

_And now we can also turn to another problem: to 
discuss why the eye, unlike a photographic film, is able to 
adapt to varying spectral compositions of illumination. 
Yarbus suggested an interesting hypothesis to this effect. 
He posed the question thus: “Why do rods and cones of 
the retina go farther into the eyeball than direct light that 
carries the image can reach? And once they are there, 
what do they see there?” It appears that nothing in nature 
is done for nothing, The photoreceptors at the retinal 
edge are nothing but zero-colour generators with which 
Our vision compares all the remaining colours. 

Light incident on the pupil not only comes to the 


Tetina, but is ightly dissipated by the transparent 
Piety and diffuse flux, in terms 


Structures of the eye. Consequently, 

of brightness, is something between all the light and dark 
Spots on the image. The edge of the retina gets light as if 
it had passed through a good, dense, frosted glass, it * 
steady, smooth, unchanging flux, whatever E e 
micromovements of the eye. And we know already t M 
this kind of light is equivalent with darkness, and al : e 
receptors that receive it work out zero-colour SA 
Whatever the spectral composition of me am de 
how much red, green or dark-blue is in it, it is al p? Ses 
Immaterial (as is shown by direct experiments). dge the 
Same, our vision will always get from the retina edg 


Tequired zero colour. 
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Now, that looks like a reference point. The visual field 
is surrounded by a band of zero colour. There is a bound- 
ary between its constancy and the changing world at 
which our ever-moving eyeballs gaze. There is a line where 
brightness varies at all times. This suggests that now we 
are already in a position to draw the scheme of colour 
perception. 

Suppose you are looking at a clear blue sky. Just sky, 
nothing more. It alone is Projected on the retina. It does 
not get to the edge, however—we have zero colour there. 
Between the blue and the zero colour is a boundary. 
Photoreceptors on “this” side of it produce signals (these 
can be called numbers with good reason) perceived as 
“blue colour”. It would seem that the light-sensitive cells 
within the area confined by the boundary should generate 
the same numbers, This is not so, though. Our visual 
system is constructed so economical 
the signal-numbers 


colour-sky” are sufficient to Perceive the beautiful blue 
tone (as is shown by experiment). As regards those 
numbers ( 


brain. 

Now look: a red spot a 
of the sky. Its red colour j 
the numbers from the 


Ppears against the background 
5 again the result of the ratio of 


boundary “blue-red”, From the 
result obtained, the surface of the spot will also be 


covered by the colour Produced by the brain. It is easily 
seen that we thus have a chain of numbers “zero colour- 
blue", “blue-red”. Stated another way, the red colour is 
to a certain degree dependent on the zero colour. 

Let us now paint a green branch on the red spot. The 
perception of green will here be connected with the red 
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colour. Each fresh col- 
round of another tone 
fascinating coloured 
nesting doll) with the 
g dependent on the ex- 
on the zero colour (or 


spot and the blue sky and the zero 
ngs lying against the backg 
5 s like the next figure of the 
Boe ett (the Russian wooden 
S A of each internal doll bein: 
fth: one, and all of them together 
ed gu is intensity). We now know why background 
This P bring out" or "kill" a superimposed colour. 
Rubs comes down to the complex interplay of signal 
rs arriving at the visual system from the retinal 
photoreceptors. 
Pris eoosird turned out to ha 
subject is sitting at the apparatus in Yarbus's 
laboratory. He has a piece of white paper in front of his 
pupil. An experimenter exposes the retinal edge to a red 


light with wavelength 680 nm—neither green nor blue 
wavelength (we will omit 


RR receptors respond to that n 
€ technicalities of the experiment, it is only worth noting 
gs it is fairly sophisticated and elegant). 

I see a white paper with à reddish tinge,” says the 
man. 

“And now?” the scientist turns something in his ap- 
paratus, 

“It turned green... 
Some black was added... 
lighter than at first." M A 

Just listening to the dialogue you might imagine that 
Yarbus introduces some light filters. But he has simply 
Changed the brightness of the red light incident on the 
edge of the retina. And contrary to all habitual concep- 
tions, the red light receptors of the eye registered colours 


that were actually absent! 
What has happened? Zero 

by the visual apparatus, 

presented to the vision. Just i 


ve surprising capabilities. 


ue... And now 


. Or rather navy bl 
ed, only much 


. Now again ri 


which is not accepted 
o change colours 
ess of the 


colour, 
is able t h 
increase the brightn' 
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exposure, that is, increase the flux incident on the retinal 
edge, and all the colours will darken. Decrease it and the 
colours will become brighter. Supply more red to the edge 
and all the colours will acquire a navy blue tinge, add 
more blue and they will turn orange, more green and they 
will turn purple. One of the Principles of his theory Yar- 
bus formulated as follows: apparent colours always 
change in contradistinction to the action of the exposure 
light. 

This rule is a qualitative representation of the action ex- 
erted on the apparent picture by zero colour. And how 
about quantitative representation? 

Up until recently all the texts on coloristics have taught 
that colour is dependent on the degree of stimulation of 
red, green, and blue light receptors of the retina: that is, 
first, on the spectral composition of light; second, on the 
sensitivity of light receptors to different wavelengths of 
electromagnetic waves. Yarbus’s theory refines this rule: 
one also has to take into account the degree of stimula- 
tion of light receptors at the edge; in other words, to take 
into account the action on them of the light ‘diffused 
within the eye. And since the "action of light" is just a 
signal-number, then the remaining part is just 

, and fairly Simple at that. A difference of 
he "action of light" is. One 
ation of, say, the red light 
etina; the other, of the 
her pairs of logarithms 
d blue light components. 
ay clearly be positive Or 
the inner regions of the 
edge, and negative when 
work out stronger signals 
ina. To positive numbers 
» light-green and light-blue col- 
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ours, principal colours of positive brightness. To negative 
numbers correspond the black-blue-green, black-purple 
and black-orange tones of negative brightness. If all three 
Positive numbers are equal, we see the colour white, but if 
Negative numbers are equal we then see the colour black. 
And. all the remaining colours are combinations of 
Positive and negative numbers. So simple and logical... 
Nu theory of Yarbus covers very many visual effects, 
in ing the correction for illumination discussed earlier 

the chapter. As a matter of fact, if the spectral com- 
pasion of light changes, the only result is that, both the 
f ge and the central region of the retina respond dif- 
erently to the light. But the difference of logarithms of 
numbers expressing the amount of stimulation remains 
constant or changes slightly, and hence the subjective 
Perception of colours remains the same OF nearly the 
same, 

The novel theory of colour vision prompts engineers as 
to how to design colour analyzers, which would work no 
Worse than the human eye and would just 2? slightly react 
to variations in the spectral composition of illumination. 
We will now be able objectively to control not only the 
Colours produced by the mixing of pure tones of the aed 
trum but also all the nonstandard colours defined by suc 
loose terms as mustard, chocolate-brown, etc., 
Invite so many disputes that special-purpose atlase 
taining samples are published. 7 

Any colour we perceive, as. we now know, is 
duct of the work of the brain. No wonder t 
propie see colours in a differen n 
Pos harmony or disharmony | 5 representation o! 

mong painters some exc 
shape, and others have a kerm feel outstanding col- 
history of art brings us the names O naffadl- ussian 
Orists: Velásquez, Tiziano = 
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critics, for example, thus commented on the coloristic 
mastery of Surikov: “He gave a new, purely Russian gam- 
ma of colours, which was used by Repin and Vasnetsov 
and traces of which are to be found in the palette of 
Levitan, Korovin and Serov,” or he “unravelled the 
outlandish beauty of the Russian colouring”, and “his 
colours merge into an inexpressible gamma conceived by 
vision and defying graphic description”. The painter 
himself would say jokingly: “Even a dog can be taught 
drawing, but it is impossible to teach colouring.” 

And here I would like to dwell a bit on some venerable 
delusion, which has been repeatedly disproved, but ap- 
pears over and over again on the pages of popular science 
books and magazines. I am referring to the legend that 
the ancients allegedly did not perceive some colours. 

The case is based on the fact that Homer would call the 
Sea near the Island of Crete wine-coloured, that is, green 
and not azure, as it is in reality. One popularizer of 
Science in his book published in the early 1960s says: 
"Homer did not notice this, and his contemporaries did 
not notice it either, Only several centuries later Greek 
sculptors began to perceive the brightly blue colour and, 


exceedingly happy with their discovery, began to paint 
Statues blue.” 


All this is some unfo 
rooted in the middle of 
Prime Minister Gladsto: 
cient Greek language ai 
of his works that the g 
ed far from all the 
philologists came up w 
with colour names had 
Hebrew language and 
They even went so far 
man came to perceive 


Ttunate misunderstanding. It ds 
the 19th century, when the British 
n, à great connoisseur of the An- 
nd Homeric poetry, stated in one 
reat poet seems to have distinguish- 
colour shades, Immediately, some 
ith the suggestion that the situation 
been unsatisfactory in the Ancient 
Ancient Indian (Sanscrit) as well. 
as to determine the order in which 
colours: at first, it was held, came 
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A ath Suis of grey, then followed the colour red, 
light- ange, yellow (at the time of Homer), and then 

green, and finally blue and violet. 
‘ae excitement quickly cooled down once 
ier agate had established that the most primitive 
of in no way differed from Europeans in their powers 
B omits and distinguishing colours. Later on, 
fin d s, who had been more rigorous 1N their studies, 

nd that direct or indirect references to white, 


Se oe yellow, yellow-greenish, green, blue, red, 
brown colours are to be found, for example, in an- 
in the 19th century the 


cient Hebrew texts. So that late in 
Fi dar ant Dictionary by Brockhaus and Efron stated 
epis and categorically: “The totality of all historical 
nd philological evidence does not support the idea that in 
historical times colour perception had been evolving. The 
boten. of the physiological evolution of those percep- 
ns is also not supported by any evidence in its favour 


from the realm of natural sciences." 
ing observation 


And in the early 1930s a very interesti 
was made by A. Luria. He was participating in an expedi- 
tion in the then backward regions of Uzbekistan. The ex- 
pedition’s findings were summarized by him in his book 
On the Historical Development of Cognizant Processes. 
He reported in particular that in those years many Uzbek 
males and especially females preferred to use the names of 


colours as derived from common things. And so the 
f the team had such entries as 


notebooks of the members 0 
” » “calf dung”, 


the colours of "peas", “peach”, “rose”, ; 
pig dung”, “lake”, “cotton in bloom”, “pistachio-nut”, 


“tobacco”, "liver", «wine", and what not. Could one, 
based on that evidence, draw the conclusion that Uzbek 
females, those skilled carpet makers, Uzbek males, those 
master craftsmen of coloured ceramics, did not distinguish 
colours? No, of course. It would be more reasonable to 


12* 
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suppose that they either did not need or did not know our 
terms for them. 

After all, the seven rainbow colours are a conditional 
thing. There might as well be four or fourteen. Seven col- 
Ours were needed by the great Newton only because he 
wanted, by all means, to tie them to the seven tones of 
the chromatic range of colours. But Leonardo da Vinci 
considered that there are only five principal colours, And 
clude: the name of colours is a 


w a term develops, if at all, 
depends on a variety of things, 


nàmes. Why? Because a term is 
always an abstraction, and "the processes of abstraction 
Ot exist unchanged at all stages; 
PrOduct of social, economic, and 


€ as numerous as are the names for 
c es. Blood Pressure, appetite, alert- 
ness, emotions, and hearing keenness—are just a few of 


the human “parameters” effected by colour, So black col- 
our Is associated wit 
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drastically. So meat now appeared grey, salad violet, peas 
turned into “black” caviar, milk became violet-red, and 
egg yolk became brownish-red. The guests, their dap 
watering in anticipation of the meal, could not so vq 
make themselves taste the uncannily coloured foo . : 
those who nevertheless attempted to have à € 
Something became sick. The effect of uir S Sel 
than rebukes and prohibitions. For example, if Yo i 
à dust bin in the centre of a white ch ot SN: 
everybody will try to drop his cigarette butt edes on 
às possible so that it does not fall on the whl toe 
Walls of classrooms and corridors less provoke ine 
children to soil them. An operator reads the s me rt : 
his console more accurately when the console y im ved 
colour of some warm tone. And so on AT t only the 
These paradoxical results tell us: the brain Is 

“creator” of colours but also their subordinate. 


Chapter Thirteen 
A Sieve for Images 


Any system capable of achieving correla- 
tion (or tangle) of a pair of traceries is also 
capable of imitating the work of the 
Fourier holograph. Such system—a two-di- 
mensional (spatial) grating could be set up 
in any school physics laboratory. 
P. J. van Heerden 
Models of the Brain 


Students are watching an oscilloscope. On the Screen they 
see a straight line with a sharp surge on it, just like à 
mountain peak in a field. Everybody sees it, save for the 
Student being tested, the "author" of (he peak. The 
Physiologist in charge of the experiment has connected 
current-conducting electrodes to the muscles of the sub- 
ject’s eye, just by gluing thin wires to the skin where 
necessary. Each contraction of the muscle fibres responsi- 
ble for the saccadic motion produces an electric signal. 
Such is one of the properties of any muscle. The wiles 
catch the signal and feed it to an amplifier, and so a peak 
appears on the screen. And the man who caused it does 
Not notice it. And it js absolutely impossible to persuade 
him that it exists. He is angry: "Stop pulling my leg!” - 

Is this to suggest that at the very moment of a saccadic 
movement we are blind? A fresh puzzle, Why should a 
man, or any living creature for that matter, go blind 
several times a second? 

In the Laboratory they found an answer. 

Everything started w 
body, which is locate 
tween retina and cer 
the literature contai 
Visual signals Pass in 
change. Why no ch 


ith the mysterious lateral geniculate 
d in the way of visual signals be- 
ebral cortex. It was not clear—an 
ned no hints—as to its function. 
and out of it apparently without any 
ange? There should be something 
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behind thi ; 
s i 2 it = proved many times nature just can- 
It was th Be , s 
of MARS cae bs lateral geniculate body is a sort 
in transoceani ion, like those that ' invigorate" signals 
face oit O ic cable lines. This is quite probable, on the 
tions? . Only why other nerve circuits have no such sta- 
Pec another hypothesis ca 
“sere body does not ampli 
eye is tag signals: a convenient exp 
million-f le to work when brightness changes one hundred 
ported a But this assumption, too, has not been sup- 
sitivity i y evidence. The colossal range of the eye's sen- 
um. explained, specifically, by the fact that the signal 
lumin. out by the retinal receptors is proportional to the 
VR logarithm, which, by the way, confirms 
Stee; jin theory. The logarithmic curve at first is very 
Fiori inania out gradually so that a hundred million- 
in x ange in brightness only produces à ninefold change 
gnal. 
i M recently, the enigma of the lateral geniculate 
Pes ad no answer. In their book, Human Information 
state a the American scientists Lindsay and Norman 
tires i at the role of the lateral geniculate ordered struc- 
pl aS mysterious. Really, when à microelectrode is im- 
anted into this cerebral area, the experimenter sees here, 


Just at the output of ganglion cells, the same round fields 
d counteracting 


with an ON and OFF centre an 
“coloured” fields. They 


me into being: the lateral 
fy but only regulates the 
Janation of why the 


on black and white” and 

‘Istinguish neither lines, nor angles, nor direc- 

tions—nothing. What is their role after all m , 
Nikita Podvigin, said, 


A worker of the Laboratory, - 
ed, but this 


; The experiments have been T 
s hardly worth mentioning, t 


the result. And it is as follows: 
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“screen” consisting of round ON-OFF fields, once 
transmitted via the optic nerve to the lateral geniculate 
body turns there into a pulsating one. And the pulsations 
have the frequency of the saccadic flickerings of the 
eyeball.” 

This proceeds in the following way. Immediately after a 
jump the diameter of each field is quite large. Then they 
start shrinking and in several hundredths of a second they 
become small dots. At times the area of a field decreases 
250 times. The “pin heads" exist another several hundredths 
of à second and suddenly they sharply increase in 
diameter. They keep growing until their boundaries 
become blurred and wide. From that moment our vi- 
Sion supplies nothing to the higher parts of the brain till 
the next jump. 

; In the first moment after the saccade has ceased, the 
“screen” of the lateral geniculate body relays to the visual 
System some information that only allows crude outline tO 
be identified. And only then, as the fields shrink, in the 
image details “cut through" and become ever smaller. 
When a maximum of information has been extracted from 
the picture, the fields disappear quickly and all perception 
Stops. In the time before the next jump the visual cortex 
Processes the data obtained from the lateral geniculate 
body. And next comes a fresh round of analysis. The cycles 
of perception are quite analogous with those in any com- 
puter. To receive new information the old information is 
erased from the short-term memory during the next jump 
of the eyes, and so, fresh information is not confused 
with the previous data. Well, one can never stop being 
amazed at the fabulous “ingenuity” (if the word can be 
applied to nature) of the principle of the visual apparatus- 

An exceedingly important detail is that the degree 9 
shrinking of the “screen” elements of the lateral 
geniculate body varies with the light intensity. With dim 
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light our v 
t our visi 
ision is i inci 
is in principle unable to discern small 


details of ^ 
fields are t T projected on the retina since thi 
mechanics gen arge. That is why watchmakers and dio 
dark larder asa, use strong lamps, that is why,in a 
immediately poko not see a needle on the floor. which is 
known to e e once you open the door. Bright light is 
fields" shrink ost productivity, because the “pulsatin 
Owing to fi more drastically to make our vision siet 
the visual diim pulsations in the lateral geniculate body 
been passed <i receives an image that has, as it ae 
of the larger rough a multitude of sieves; one taking a 
next one small stones” —large details of the picture the 
er stones, and so forth, down to the finest 


“sand” 
What i 
ee of it? Nothing so far. But we may 
hundred tert situation. On à table we have a 
sorted oui. 7 graphs of males and females which are to be 
The be ust two minutes and the problem is solved. 
right. A are placed on the left stack, the females on the 
One veg of cake, isn't it? 
ctiterion M ask the question 
come up ier the sorting out been performed? C 
link abo ith a clear definition? No» not now, 
End ut it at your leisure. 
might 2d woul not reco ou: do MA. 
give it up now as 2 bad job. Thousands © 
nde: andably 50- 


mmend Yy 


first-r. 

It is cit ees experts failed. And underst 

image eects give a verbal definition f generalize 

of the tho as man”, “woman”, “table”, and others out 

Bean notions, because these images re visual 

Engels c s. But abstractions MU be ha Jed with care 

manipul aught methaphysicists at their erl carefree 

them fi ations: “At first they create abstra ions, Stripping 

rom sensations, an then they wis co rehen 

and wish to See time 


tho: 
s i i 
e abstractions using their senses 
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and smell space. This is precisely like the difficulty, Ads 
'red to by Hegel, that we can Of course eat cherries es 
plums, but we cannot eat a fruit, because nobody ide vi 
eaten a fruit as such." So when engineers ERA AE: e 
drive verbal definitions of visual abstractions into the e a 
tronic brain of the computer, their failure was predestinec . 
The situation is somewhat better with verbal descrip- 
tions of concrete human faces, but only people, not com- 
puters, can produce and use such descriptions. As early hn 
the end of the last century, the French criminalis 
Alphonse Bertillion, chief of criminal identification ie 
the Paris police developed the idea of the "verba 
portrait", which has been used ever since. 


In one of his Stories the writer 


fap P : bis A: jer: 
Sheinin, an ex-investigator, reminisced: “Compiling a v 


al portrait that depicted Yanaka as xd 
of medium height, a bit Stout in stature, having an oval 
face with a low and slanted forehead, arched Feige 
grown together and reddish. His nose was long an 

drooping with a hump, his mouth was medium-sized with 
thick lips, the lower lip drooped, and the corners of his 


simple, terse Professional 
curacy” of the above descri 
tainable using measuring i 


terms! Admittedly, the "ac- 
Ption is a far cry from that ob- 

‘struments, but if you possess 
the talents -of a Painter you can draw Yanaka’s pora 
Of course, you cannot mark the sizes of the facia 
features in millimetres, But everything is relative. A nose 
that is long for one face will be fairly normal, even short, 
for another face, which is more elongated. 
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Megs be done if an eyewitness does not know pro- 
caiat Ines (which is often the case), if he only 
that, if i impse of the criminal and was frightened at 
Ih-that-ca x the most general impressions have remained? 
files cont i Abe robot-portrait” is generally used. Police 
noses ee hundreds of slides depicting à wide variety of 
and een ‘Drowsy eyes, beards, moustaches, face ovals, 
with the pi es. From these a portrait can be "shaped" 

*No Ac tees prompting the details. : 
it is OK e face seems to be wider. No, much wider. Now 

Thani And the hair, not so long...." 1 
Bethe Ys no way of being dead sure that the robot will 
bur identical twin of the criminal the police are after, 

ate still can give some guidance. 

Menaia watching the production of such a portrait, 
feco it be possible to uncover the criteria used to 
m gnize faces? An American physiologist Leon D. Har- 

On conducted a series of experiments. skilled 
Crimimalist-artist drew the portrait of a “criminal” from 
the descriptions of “eyewitnesses” who knew the 
criminal” well. The artist then compared the resultant 
portrait with the photograph © the “criminal” and took 
note of the differences: “The lips have to be a bit thicker, 
the ears closer, and the face more roun ...." Using the 
Portrait and the verbal corrections, 2 new artist, who had 
not taken part in the experiment, made another robot 
Portrait. And then they held a viewing for the 

witnesses”. 

Much to their surprise the “eyewitnesses” suddenly 
found out that the picture their words was 
not a good likeness. The overwhelming majority ruled 
that is was inadequate; thus the tongue proved once more 
that it is very approximate and incapable of functioning 


as a measuring instrument. 
On the other hand, in definin 


g the deviations speech 
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was much more correct: the second portrait was approved 
of and pronounced to be close to the original. But still the 
best portrait, which guaranteed the precision in recogni- 
tion of better than 90 per Cent, was a portrait drawn 
simply from a photographic Picture. It’s not for nothing 
the saying goes: *A picture is worth a hundred words". 

Then the experimenter approached the problem from 
another angle. Why are we unable to work out anything 
adequately by “directly” describing the pictures? Maybe 
they are overlaiden with details? And those details, maybe 
they are too important? Remember your passing by your 
old chum without recognizing him, simply because he had 
grown a beard. Maybe a Stylized image, a sort of block 
mosaic, would concentrate the attention of the viewer on 
the most Significant, most informative details? To get io 
the bottom of it, it Was decided to produce a portrait 


drawn extremely crudely, as if with the brush of a house- 
painter, 


and then worked ou 
formed. The result 


Pots. This notwithstanding, near- 
in the experiment recognized the 
man shown in the “block Portrait". In another experiment 
almost. everybody found, from a "block portrait", à 
photographic picture among the ones spread on the table, 
although the face was unknown, Should they do that at 


random, the Probability of success would not be higher 
than four in a million, 


In the 1820s Fourier 
Analytica Theory of He 
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Fourier also fi ET 
designers—in short, member yen engineers, and airplane 
"cluding physiologist. s of hundreds of professions, 
BENE P mabure cor the formulas is by no means 
thermal e One specific example of motion in general is 
description tion. Mathematics gives an equally exact 
springs, es string, the car body vibration on the 
travels of the —— rolling on the seas, the silent 
s The-swinging m among the stars, and the heartbeat. 
sinusoid, on ja a pendulum will give a smooth curve, a 
aspen leaf is a e graph. The fanciful trembling of an 
Df various sum of simple harmonic motions, a mass 
amplitudes eria differing in frequencies and 
. Any oscillation, however involved, can be 


represe; 

nt : : 

ed by a series of simple ones. Conversely, out of 
complex one can be 


some si 
made n harmonie motions à 
Series p. This follows from the formulas of the Fourier 


Thes r 

technolo techniques are widely used in science and 

gy, and not only in these fields. The Soviet 
nt motions 


Physiologi 
logist Bernshtein proved that any recurre: 
uage. Johanson at 


can : 
fae Ene using the Fourier langt 
establishi niversity developed these ideas further by 
describe di that the Fourier series may also be used to 
dance i ances: the longer the series the richer Is the 
fein details that make it uniq 
say ab rning to the "block por 
That des the brightness of the squares o 
What i seems to be subject to some kind o: 
quenc is the /owest "spatial" frequency» thai 
hertz y of brightness variation? The answer i 
and —no variation. The completely black or white rows 
columns look exactly li the highest fre- 


diis ke this. And 
ncy? The answer is not t 


ue. 
trait”, what can you 


f the mosaic? 
f oscillations. 
t is, the fre- 
is clear: zero 


hat simple. 


y 
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First, the ten hertz frequency is present. Why am I so 
confident about this? Because there are twenty squares in 
a row and so there may be no more than ten "black- 
white” pairs. This is the highest frequency of brightness 
oscillations that carries useful information. 

Useful. Because the “block portrait” contains much 
“noise”, that is, high frequencies due to sharp brightness 
differences between squares. Fourier analysis shows that 
such differences are combinations of an infinite number 
of various oscillations whose amplitudes fall off gradually 
with frequency. Spatial frequencies of the “noise” jam the 
useful ten-hertz information. This obtains, for example, 
when a deer hides in thick bush: the high-frequency signal 
of foliage and branches “absorbs” the lower frequencies 
of the information about the deer’s body. Military 
camouflage is also based on “noise”, disorderly “high- 
frequency” painting obliterates the contours of structures 
and equipment. 

The block portrait will be improved drastically if the in- 
terfering noise signals are “cut off", that is, stopped.by à 
filter. This operation is readily accomplished by a com- 
Puter, and the result appears to be more pleasing to the 
eye than the initial image, 

But squinting, what does that achieve? By shielding the 
Pupil with the lid we reduce the incident light flux on the 
retina. Now the fields contract not as tightly as with 4 
completely open pupil and the “sieve” of the lateral 
geniculate body now only analyzes the picture using 
relatively crude "cells". Sharp brightness changes are 
simply not perceived by our vision under these conditions- 

Where do the various spatial frequencies take shape 
after the analysis? Mounting evidence coming from dif- 
ferent countries went to Prove that this takes place in the 
brain. And if this is so, the visual apparatus does the 
work that is performed by the device recommended by 
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P. J. vai 
The ed Vae for do-it-yourselfers in school labs 
amarte. imitates the Fourier holograph. i 
CSS Wis e a Its material basis—the wave pro- 
knowledge ceed as early as the 17th century. The 
required to realize it was possessed by Young, 


Fresnel 

a 

nd Fraunhofer; but still it failed to make its ap- 
e-mentioned figures 


Pear: 
ie ee ap each of the abov 
Rayleigh evel contribution to science. Later, Kirchhoff, 
half of the i and many other physicists of the second 
to understandi century and early 20th century came close 
Prize-winn nding its principles. And when the 1971 Nobel 
did not er Dennis Gabor finally invented it in 1948, he 
forgot Ls much stock in it and over the years nearly 
halkta ky. Ouf So long and strange was the fate of 
work out y^ nly after the laser came in could scientists 
images. The pps set-ups for producing holographic 
physicists Y first to make it in 1962 were the Soviet 
uri Denisyuk and the US radiophysicists Em- 


mett Lei 
In ^5 and Juris Upatnicks. 
without a Por form, holography is photographing 
miror, lense itual camera. The laser beam !S split using 
one being di s and other optical means into two beams, 
g directed at a photographic plate, the other at 
ect arrive at 


the obj T 
bject. Light waves reflected from the obj 
nterfere, with the “direct” 


the 
Meere, there interact, or i 

. If the crest of one wave coincides with the crest of 
e each other. If the crest meets 
other. Clearly, the photoemul- 
t case will blacken and in the 
t is now necessary to develop 


th 
à egy they will enhanc 
an E: , they cancel each 
e plate in the firs 
they it will remain white. I 
B ologram to sce... 
Soria a laser the hologram is à 
everythi e unexciting plate, resembling a 
it thr ng is grey, there !5 no image. But suf 
‘ough a laser beam, and somewhere inside, 


miserable picture, 
bad negative— 
ffice it to view 
in the un- 
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fathomable depth, a three dimensional image will spring 
to life. 

In the physics of light there is a rule called “the 

Huygens principle" that states that any point of an il- 
luminated object is in itself a miniature light source. In à 
laser beam each blackened spot of the hologram appears 
just like a mini-source. The light rays coming from these 
sources interfere in space, just as in the recording of the 
hologram the reference beam (from the laser) interfered 
with the reflected beam (from the object). It is due to the 
interference that the image emerges such that you can 
literally pass through it—you will simply have to walk 
through light. 
f Holography has been discovered while working with 
light beams. But since light is a wave, we can imagine 
holograms obtained with the help of other waves such a5 
ultrasound, radiowaves, X-rays, or even gamma rays- 
Some advances have already been made in those more €x- 
otic kinds of holography. For example, holographic radar 
(sometimes called side vision radar because it is installed 
on an airplane and its aerial is directed. normally to the 
plane's course) yields pictures comparable with aerial 
photographs, those “radio photographs” being unique In 
that they are obtainable at night and also when the 
ground is covered with clouds. Subsonic waves hold pro- 
mise for geologists and geophysicists, who hope to use 
them to peek into the interiors of the Earth. Some pro 
gress has already been made in this field and the prospects 
opened up are phenomenal. 

But holographic photography, of course, does not €*- 
haust the potentialities of holography. The hologram of a 
point is a splendid lens that beautifully focuses laser radia- 
tion on, say, a part of a microcircuit to be welded. And 4 
hologram of several points arranged in a suitable manne" 
can split a laser beam into several ones, each welding its 
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According to the American 
is being used by 
pins. The new 
the single-beam 


r A 
eic part of a circuit. 
CR en Electronics _ this principle 
technolo in laser welding of microcircuit 
one. gy is by far more productive than 
eg Paci digressed too far from the topic that 
Vision and did holography. Back to our visual apparatus. 
to hologra nemory are interrelated and seem t° be related 
“I aphy. 
such eus: like to indicate the philo 
the Seeds Fuse im as ... the rel | 
Gabor. phic record and the human memory, 
Masini. one hologram can contain hundreds of 
can Siem s of images, and one square centimetre of it now 
Wir do up to one hundred million bits of information. 
Th evice can match such a capacity? Only the brain. 
doe hologram of any object is an ideal filter, which 
ie the object out among thousands of others. Say, à 
way graph shows a sea of keys with intricate designs—no 
a ha of finding a desired one, just like finding à needle in 
Fike ese And if we illuminated that chaos with a laser 
edu and viewed it through the hologram of the lost xh 
feta ould find a bright spot where it lied. Holographic 
asain ees systems are à million times faster than pc 
rec al ones. Such are, for example, the holographic 
Ognizers used to compare finger prints OF hand-written 
e visual system, 


le t 
we This reminds of the workings of the V er 
ich enables us in a split second to recognize à familiar 

But the visual apparatus 


ha among a sea of others. 
longs to the brain. 
=. have earlier discusse 
s, give us a clue to the 
age. Could it be that holo 
that clue? There are many goo 


13-667 
p 


sophical aspect of 


ationship between 
" noted 


tics that will, it 


mystery of the generalized im- 
graphy and Fourier series are 
d reasons tO think so- 


d the mathema 
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To single out different spatial frequencies in a p 
opticians take “gratings” consisting of fransparent S 
nontransparent bands. These do not by any means | a d 
to be real gratings, also acceptable are “chess-boards” an 
concentric rings, and many other configurations, the only 
requirement being the regular alternating of transparent 
and nontransparent areas, The higher the spatial frequency 
required the finer must be the elements of the filter. 

With such a filter it is relatively easy to find out 
whether an image contains appropriate spatial frequencies: 
have a photocell “look” at the picture through the 
grating. Then all the frequencies, save for the one at 
which the filter is tuned, will be suppressed by it, and only 
“our” light flux will pass unattenuated. The current flow- 
ing through the photocell will be the “electric representa- 
tion” of the intensity of the Spatial frequency, or of its 
amplitude, 

Now take ten filters, not one, and look at the picture 
through a dozen Photocell eyes, Their readings will be dif- 
ferent for different Pictures because each of the pictures 
features its own distribution of spatial frequencies. 
Generally speaking, ihi. dozen-eye automaton can 
roughly assess the Similarities and differences of simple 


images. The electronic device will replace a specific image 
by an “abstract” combinatio 


any need to name thi i 3 
in words? No, there i 3 i 


ly without it. Perhaps the brain also recognizes in the 
Same way, "without words"? After all, dogs also 


recognize a multitude Of objects, although they, as 
animals, possess no words. 


Undoubtedly, a dozen filters is too primitive an 


analysis. But why not use fifty gratings, not ten? And 
analyze not the entire image at once but break it down 1n 
to areas and then Combine the results of recognition? Ac 
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curacy will i 
RN Rad i. Se although, to be sure, this would not 
anyWa sioe : pee percent guarantee against errors 
bé dg fete ourier series goes into infinity. The im- 
Pau die sd ave a minute detail that sets the picture 
acaba i identical ones. But nothing can be 
all times be ee e problem similar—dissimilar" will at 
iuis are dbi to some reasonable degree of accuracy. 
human. cy ah e to help not only the photocell but the 
Published a pa bag After a popular-science magazine 
received a Sud about the work of the Laboratory, I 
Bait: r from a geologist from a town In the Far 


AE Publishers: 
e 11th issue in 1974 of your magazine c 


pa $ 
per by V. Demidov entitled "The Eye and the Image". 
mention of Fourier filters. 


In i ; 
it ji Demidov makes particular 
said that opticians have long been using filter- 
ize gratings in 


ontained à 


grati 3 

vt a This prompted me to util 

gical aerial photo interpretation. A picture always 
llations of image tone 


random osci 
different areas of ground 


RAE the interfaces of n « 
Res And Fourier filters make it possible to remove 
Su random oscillations _ bY straightening out 
an jogeneous surfaces and setting apart inhomogeneous 
hace I have produced nift filters (a grating in 

lack India ink has been app parent celluloid 
plate). Some effect has bee d. Unclear outlines of 
Structures now come out d are more 
easily identified." 


c : 
ontains a number of 


A large paper on the uses 
(gratings) was included in t 
published by the USSR Academ 
meeting of the US-Soviet group On 


y of Scienci 
natural resources 


13* 
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surveying from air- and space-craft. It stresses the 
desirability of using gratings in Picture identification to 
improve the quality of images, 

Fourier filters thus suppress “noise”... But we can also 
regard as noise not Only interference but all manner of 
variations of the image, for example, changes in hand- 
written letters, Computers, | for example, "dislike 
manuscripts, they prefer special-purpose lettering. It was 
once attempted to put this state of affairs right by increas- 
ing the capacity of computer memory and by entering into 
it fresh variations of configurations of hand-written let- 
ters, But it is impossible to cater for the infinite variety or 
shapes. Human vision grasps the main thing (generalize 
image!) in a letter, ignoring minute details. 

, Do you feel now where we are being led by this reason- 
ing? We are Somewhere very near the principles on which 
Visual identification can be constructed. What brain se 
pues are able to play the role of Fourier filters or other 
holographic Components? Here is what van Heerden has 
to say about it: 2 

“If we have a three-dimensional network of neurons, in 
which each neuron is connected to a few adjacent ones. 
then Signals will Propagate in this network as a wave pis 
Pagates in an elastic medium, If, moreover, the pes 
the neurons to Propagate received signals can be wá 
maently enhanced by frequent use, then the netw » 
Must act as à three-dimensional hologram, with a stora 


i 1 tin 
: capacity of the order of the number of neurons presen is 
the network. 


Ps 1 

; In information theory, recognizing»: : 

H i ne 

described by the Correlation function of two time f ihe 

tions, or two images. The elaborate computation O as a 
correlation function can be described mathematically 


: c £ 
Meting Operation, but the computation of the ne ai 
iter required for this filtering operation is of cours 
Involved as the 


es R an 
original computation... Accidentally 
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fortunately—or maybe it is in the nature of things—a pro- 
pagating wave field carries out automatically this 
laborious computation demanded by the theory. 

A team of workers headed by Professor Nikano in 
a regular three-dimensional 
crystal-like composition, an associatron. In its structure it 
strikingly resembles van Heerden's description of a possi- 
ble scheme of the brain. The regular network of electronic 

neurons" of the associatron is such that it can pass elec- 
trical signals: for example, pulses from a "retina" con- 
sisting of many photocells. If a "neuron" receives two 
signals at once, it makes note of that event in its memory. 
Otherwise, it records nothing. Accordingly, the system 
records not so much’ the information as the result of the 
superposition of two or more information "blocks" of 
electrical signals. In other words, it records their associa- 
tion, In. Nikano's “crystal” associograms are so closely 
linked that it is impossible to single out any of them. 
Recurrent information enhances its track in the 
associatron, whereas rare signals can be completely lost, 
being chocked by more frequent information signals. How 
this all resembles the workings of the brain! And no 
“storehouses of memory" have so far been found in it, 
although each neuron is able to remember, and in exactly 
the same manner, stronger impressions drive out of the 


memory rarer and weaker ones..-- 
However, whatever intricate models are constr 
Whatever general concepts concerning ihe possible struc- 
ture of the brain are put forward, à sceptic can always 
counter, *But who saw, and where, that real neurons. ac 
tually do holography or at least something related to it? 
A detailed discussion of this topic will conclude the 
book, but now we will look at so-called optical illusions. 


Japan have manufactured 


ucted and 


Chapter Fourteen 


Illusions Produced by Our 
Search for Truth 


How many times has a tree been mistaken 
for the continuation of a road, and the 
shadow of a cliff for a bend? Insurance 
companies are im possession of statistics 
that prove that an entire abyss separates 
the visual image from reality... 

R. de la Taille 
Les illusion d'optique ou l'algebre 
de l'imposible 


Cognizance is a chain 
Tejected as invalid or a 


because it goes 


“reasonable eye” constructs hypotheses about space and 
arrangements of Objects in it. 

Normally we view the world from eye level. In this world 
the surfaces of things have definite textures. Grains on a 
Wooden board, the weft and warp of a fabric, the tangle of 
grass blades, the intricate Ornament of tree branches, the 
striped hide of a Zebra, and what not. Texture makes 
wood different from Metals, glass from fabric, sand from 
water, and so on, Grooves, ripples, and waves provide in- 


formation of immense importance for the brain. A flee- 
ting glance would be enough to i 


fluffy carpet, the chilling touch 
these properties can be 
the real thing, but also 
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Uniform can be discerned the enemy is 200 metres away, 
When eyes can be distinguished the enemy is 50 metres 
away, 

_ When Surveying the terrain, more distant areas are 
viewed at a more acute angle. Here again the details of 
textures come closer together, but this tells us something 
NOt only about the distance but also about the elevation 
9f the Observer. How unusual space becomes when a com- 
moy point of reference is changed, when some visual 
axioms have to be replaced by others. ; é 

A veteran pilot after many years of flying light aircraft 
narrates about his first acquaintance with a heavy plane: 
manned the cockpit, took hold of the control wheel, 
Blanced down at the ground and was stunned. My eyes 

Were not at the habitual two metres above the ground but 
àt four! The airfield seemed to have shrunk fourfold. 

€ ground appeared so unusual and distant that 1 could 

pss Imagine how I was to land." t 
it Could not imagine how I was to land,”—that is what 

Means suddenly to see textures and the world in a total- 
different way, from an unconventional angle! For- 
tunately, our brain is a system possessing colossal adaptive 
iE The flier goes on with his story: “I came aoni 

5 m the aircraft dejected. What's to be done—l nee 

9t turn down the offer, all the same somebody had to fly 

and land safely! And so I got into the plane once more. I 
again pulled the control wheel and began to look at the 
Éround as during a landing. I sort of began to adapt. But 
Suddenly, in the place on the ground where my glance 
rested, a mechanic appeared. He looked uncannily distant 
and, as it were, reduced. Again everything became 
unclear, | came down once more, in several minutes 1 
again sat at the control wheel and started surveying the 
Sround. After having sat so for five minutes I eventually 
felt that now I can see clearly: a landing is possible. Now 
I was sure of myself." 


People and animals turn into dwarfs 
eous trick. The curved walls of the 
Tlain point by one eye, look perfectly 
gauging the size of the boy, we 


room, when viewed from a ce 
normal, Therefore, when 


of the windows. These 
ncludes that the 
After all, the 
lative 


ize 
the brain co 
their sizes. 
| apparatus are re 


eM compare it with the 5 

bs ds pus visually the same size, 

Dodo the dog keep changing 
rements” performed by the visual 
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Textures inform us 
face, the height of 


about the distance, nature and form of a sur- 
observation, and so on and so forth 


This adaptation mi 
what th 
rememb 


ght seem to be too swift. But here is 
€ above-mentioned Gazzaniga said: “It is to be 
embered that we are Studying only half of the human 
brain—a system able to learn readily after the first at- 
tempt.” Well, if such is the severed brain, it is all the 
more powerful when the 


hemispheres exchange informa- 
tion and help each other. P 


We have, however, digressed a bit. Widely known are 
the illusions of “growth” of identical objects when they 
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are dra i 
against [Mh i the background of converging lines or 
enhances the iraq of “contracting” textures (which 
examples of “ ect). Such pictures are generally cited as 
do with it? "uy illusions". But what has illusion to 
micrometer? LES a measuring instrument like a 
Proved by pe odied in the brain Is à distinct postulate 
periments: as | reds of thousands of unconscious ex- 
of elements Mm as two objects cover the same number 
are equal in the same texture with their outlines, they 
above all kd. A This behaviour of vision seems to be 
cessing of i " to the multichannel character of the pro- 
because in E ormation coming from the eye. This is 
age (where s to the channel of the generalized im- 
Object. whe " signal is independent of the distance of the 
the same webs y the latter at any distance is perceived as 
indepen he ae there exist special-purpose channels that 
"rue? siz d and without any connection assess the 
e and “true” distance. This is called the “texture 
dati it is the material foun- 
tion of the functioning of these channels. 
ally contrived pic- 


ylinders blot out 


ture 
below? In the first case, the C 
re at dif- 


ele 
rr. the same background 
COver een from one another; i 
the dee numbers of texture € 
No. it — cylinder. is the largest. 
perceived pm be unfair to blame vision. The picture 15 
tion modell 11 absolutely true manner owing to the situa- 
The brain ed by the brain in its internal perceptive space. 
jects, if constructs à picture of the arrangement of ob- 
Solute P aia wish, a hypothesis, without measuring ab- 
relations Lt clue to à wide variety of illusions. The 
backgro etween the object and the texture. of the 
things und are indications of relative characteristics of 
(more—less, farther—closer, and so on), which ap- 


lements, à 
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We gauge the size of objects from the number of texture elements 
they blot out. The small cylinder (a) is three times smaller than the 
largest one, but in (b) it seems to be, at least, eight times smaller. In 
(c) all the cylinders seem to be the same size 


parently can be asse 
accuracy, 


But what if there are no textures, if the eye only sees 
smooth planes and boundaries? Then the consciousness is 
deprived of one of the Most important “key signs” that 
can be used to adapt to a Situation, More than 140 years 
ago the Swedish naturalist Necker drew a cube that could 
be turned inside out. One face of it appears now frontal 
and now back. There being no ripple on the faces, the 
brain has no grounds for Preferring one hypothesis to the 
other and so it switches fr 
In exactly the same manner, at night the eye does not 
distinguish fine differences in textures with the result that, 


say, an unlucky driver may mistake a dark cliff for a dark 
entrance to a tunnel. 


sed by the brain with a remarkable 
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One subjec! 
in erence ely to an illusion does not, as a rule, see its 
usion heir imum clear perception. An illusion is an 
vs x true às nd — the perceived image appears to 
à t, nearly eren one. Really, it is exceedingly dif- 
the change his or j^ le, to persuade à victim of illusion 
o Dugh dhe coust ner mind. ] remember riding once 
st 7 there, see ren at night. Directly before us—just 
moon. Th the trees! —hung the huge yellow disc 
h fly to the e driver suddenly said: “Nov 
OW close € Moon!" And went on to expl 
Overhead,” to is now, much closer 
answer, But rankly, | was stunned and took some time to 
all my explanations in ast 


Proved 
to be i d 

e in vain, The driver only grunte 
k to his opinion. 


ain: "Look, 


CScrib 
a perii en by Ptolemy, who was 
trick of visio explanation for this illusion: 
S enemigos the resul 
make rae qui as it might 
* seen Pad details on the luna! 
looks sm hen the luminary is at i 
We a What then explains the illusion here? 
distance Pag: to having objects diminish 
The Unive ne English physicist William Brag 
just ove rse of Light wrote: that if an airplane appeared 
the horizon and it -ze as when it 


hich could not 


Proachi 

as oe the horizon, the moon d 
the pla rplane does. Its angular size i5 € 
distant p (he moon near 
Skan han overhead. An 
arger p conclusion that the 
as when therwise it could not have th ig 
it is at its zenith. And we see an enormous moon. 
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Some illusions 


i k are 
When between the eye and a mountain peak there 


O textures, vision miscalculates the distance greatly. ka 
passangers of an aircraft flying between cliffs cry ou a 
fright: the wing will now scratch the rocks. But they Mats 
good kilometre away. Even the astronaut James illu- 
Divitt, a man of great skill, became a victim of an ied 
Sion: it seemed to him that the final stage of the launc is 
was only 120 metres away from his spacecraft, whereas 
struments indicated 600 metres. , s is 

Yes, the world constructed by our consciousnes o 
dependent both on the past and the present. But not O 
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pate the future,” wrote 
ky. This anticipation 
e-resistance of com- 


ont « 
the ace models antici 
gives a ee Velichkovs 
munication li the amazing nois 
oise is ur ines transmitting signals from the senses. 
as most we to inflict serious damage to the image that 
World is in een created beforehand. The picture of the 
We have a med in the mind out of those fragments that 
e Bibbia stocked our mind beforehand, long before 
are Ld with a given phenomenon. The fragments 
Organs, ed by our experience and signals of the sense 
PA isl familiar is a situation, that is, more i 
more 5 to the inner perceptive model, the faster an 
Tagme automatically a man reacts. From scratchy 
Station nts—instrument readings—the operator at a sae 
boilers visualizes the overall picture of the work o 
e mi turbines and generators. And not just visua a 
em ain thing in his work is prediction. He must catei 
Which ore when events will require his interference, r 
e «, Purpose, in the words of one air traffic controller, 
inr run ahead of the pilot”. a 
ich j comply fully with one’s post, an opener m 
S Gs maton, It will allow him to work a gee 
iong age of information, and even—of course fo TT ahat 
is ‘G à time—without any new data inputs at all. we 
n p Pagination" if n nized perceptive m xe 
ee to find the shortest path to a correct Son a 
o i man with imagination is at 2 Se forihcom- 
ing ex pilots always mentally recons danti 
ailu ight. They visualize the most per o: 
ment es and construct plans of action. c 
inr always have psycholog ally yation, ss 
Ds: id ecause 1N an an Ip: to A 
Ychologists note, “the response time ten is ave follow- 
ut how dangerous may habit to be 


truct 
likely 


be the ha 
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ing a perceptive model anticipating the reality if a m 
has weapons in uncontrolled possession. When the Ld 
journalist Vasily Peskov on a visit to the USA gne 
his photo gun, his American colleagues were horrified: 
"Bury the thing at the bottom of your suitcase and never 
expose it! Woe betide you if you aim that gadget A 
somebody: instead of a smile you may get a bullet!" It is 
only natural that with the US murder statistic as it is one 
can expect the “first shoot and then ask” behaviour pat- 
tern. To be sure, the Pressure of such a dismal perceptive 
model is a consequence of social conditions, and the 
Senses are not to blame here. 1 
Illusions associated with a perceptive model may in- 
troduce errors. into scientific work by affecting experi- 
Mental results obtained by the most accurate instruments. 
The book Optical Illusions by S. Tolansky at London 
University gives many examples of such incorrect percep- 
tions. For example, when assessing by sight the position 
9f a line equal to the halfwidth of a Gaussian curve that 
describes the probability distribution of a wide variety of 
events, literally all the experimentalists err by 30 per cent. 
. a marked ruler clearly indicates a mistake, 
the Incorrect drawing Still appears correct. Out of three 
© by side the largest appears the most 
ae all of them have been drawn = 
E Of a pair of co, ses, and so their cur- 
vature is absolutely the same, Framed to Tolansky, et- 
S may be as high as 300 per cent. 
One about it, since it all comes from 


n 
And nothing can be d 
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Were, dr 
PSychological along them, so making the dimension 
“counteracting” longer. Conversely, encountering 
so the line s g” tails, the glance is sort of hampered, and 
Odds with S igo to be shorter. But this hypothesis is at 
recalled that e results of Yarbus's experiments. It will be 
Vanishes n when an image is fixed using a sucker, it 
that time "s at once but in a second or 50- And during 
along ime ee when a man is unable to shift his sight 
Onger or sh he still sees similar illusory lines as being 
sion is due ge It only remains to accept that the illu- 
age is oat the transformations to which the visual im- 
jected. As we know, these transformations 


Tesempb], 
e viewi h «At 
Fourier an etel a picture through à Fourier filter. 
alysis appears to be very important, since it ac- 
ological (that is obtain- 


Counts for j 

od by = illusions not from psych 

Objective black box" method) and not subjective, but 
Fourier h —€— If we turn the image of lines into 
terms of oe and discard from them high-frequency 
e series (a computer-assisted exercise), the im- 


age re 
covered from the hologram will be exactly as it ap- 
ill in fact be 


Pear: 
S to : x d 
Onger vs That is, the illusory longer line Wi 
, and even measurements will prove it. 

equilateral triangles 


Ano 

Another illusion i 

With hy illusion is well known: 

Bicis soe orientation scattered over 
seem to “fly” now in one direction, now n 


anoth 
er, and now in yet another. In all probability, t 
r is explained by the 


want 
on : 
fact ua th unpredictable behavioui 

the visual apparatus does not make use of the 


entire i 
it. Tis oe Fourier filter in the brain, but only part of 
effect is beautifully demonstrated b. 


y indicar 
ireo cating on the display the “flight © 
trian e for which purpose it only needs to look at the 
Synth es through an appropriate piece of the filter it has 
C esized. 
Mie ais optical illusions are a product of the 
34x work. And the latter has à formidable capacity for 
PAN 


“tails”. Here? 
: Of the line with inward "tails". Her 
a—synthesized hologra, 


m, 
m, d 


t 
m lb 
b—the image restored fro 


—Testored image 
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Th 
€ tria; 
ngles 
(a), like a tly of birds, can be imagined tO 
it is sufficient t out of 
j od 


t 

e thr 

C s ee directi 

the synthesized holo To achieve this 

Te the thao (b) an appropria 
c -e) 


e 


Tec 

ordi 

i n 

Sions ere experience- The 

ifferent SUD experience another ay» 

rent. ki (if only in t eir intensity in peop’ with dif- 
Me nds and amounts of experiene 
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3 ing investigated 
teresting issue, among other things was e apart 
by the above-mentioned expedition re Soviet power 
regions of Uzbekistan in the early 1 there. You coul 
was just beginning its transformations 1 school and also 
meet there a female student of a medica never ventured 
an "ichkari", a downtrodden woman Tonn was destin- 
beyond the woman’s quarters of a aomi; narrow circlë of 
ed to spend her entire life in an extremely f the team had 
interests and impressions. The members o iation of the 
an unheard opportunity to trace se alee the level of 
workings of the woman's visual perception | increased. 
education and involvement in social activities Specifically, 

This especially manifests itself in illusions. oone o 
in such a famous illusion as two identical ri 5 and the 
which is surrounded by rings of larger epis seems tO 
other by rings of smaller diameter: the first Md out to be 
be smaller than the second one. Ichkaris turne ht by the 
illusion-resistant: only a third of them got oe subjects 
illusion, But the more educated the group E was: 
Were, the higher the share of the illusions's r. Soviet ac- 
Students, nursery-schoo] teachers—64 per cent, er cent. 
tivists—85 Per cent, student School-teachers—92 p Ived in 
This is quite understandable. A man actively invo make 
Social life, and even more so Students, often has to 
assessments by sigh 


joue TES 
gât, comparing distances and em and 
Perience shapes the Woieeptive model of the world, 


the latter Shapes illusions. 1960s in 
Similar investigations Carried out in the late on fol 
African villages gave similar results. Illusions comm 


x M ] jbesmen 
town-dwelling Africans Were nearly absent in trib 
living in round huts: 


14, 
the Percentages were 64 and 
respectively, 


see 
This again goes to Prove the rule that we often 
something 


c is Eke this intrealits 
as We see it not because it is like this in a ex- 
but because we know What it looks like, Our pas 
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od or ill? In most cases 
ence that enables us to 
ke our decisions with 
he world 
mmoner 


SR aerae e here. For g0! 
foresee g After all, it is our experi 
bre possible implications tO ma 
redu I e and speed, and to adapt t0 t 
events us and eventually to live better m it. Coi 
seem to be more true than unusual ones. 
oe the State Tretyakov Gallery in Moscow there is a 
F. P etersburg landscape by @ famous artist Count 
ca (1783-1873). It is covered with a piece of 
altho ucent paper one end of which is dog-eared. And 
the ugh many know that the paper is drawn they cede x 
niet i ee to lift it. That the PAP s a piece © 
iant art is ignored by the perceptive 
At the most natural solution. Asse 
abilities thus lies at the heart 
Perceptions. 


Chapter Fifteen 


A New Clue to Old 
Mysteries 


Hologram, which was first used as 2 
metaphor or analogy, has become an exact 
model of normal forms of work of the ner- 
vous system. 


K. H. Pribram, Languages of the ed 
(preface to the Russian edition. 


A cat was subject to a trepanation of the skull by drilling 
a hole in it, Normally cats undergo these operations with 
enviable ease and Tun about in several hours, but this one 
lies motionless. Into its vein from time to time are sup- 
Plied droplets of curare, the once-mysterious poison that 
South-American warrior Indians used to smear on their 
arrows and spears. Curare stops the contraction of 
muscles like a switch. This is remarkably convenient for 
Physiologists: the cat can be handled without tying it to 
the table, and also it does not move its eyes. They .are 


fixed strictly at one Point, at a screen where a “movie” is 
shown, 


Scitation apparatus hums quietly. The cat is lying 


Pad and, seems to be blissful. At least, 


it is not angry and its malice does not ruin the experi- 
ment. 

And in the Screen floats a light stripe—otherwise the 
iM eyes would see nothing. Now the stripe is replaced 

‘ ^ 

y à "zebra —1wo stripes with dark gaps between them, 
or else three, four or five stripes—as many as the ex- 
Perimenter pleases. 

Gratings... Spatial 


frequencies, each of which is a 

Th Tain, 
ey revealed to us that th i rm 

holography,” * brain really does perfo 


Said Glezer, He did not go on to expand, 
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es talked about Hubel and Wiesel and their experiments 
9n cats, 

The American physiologists, studying retinal fields, 
Showed the experimental cats various lines, large and 
Ris horizontal, vertical and slanted. For each line in the 
wal cortex, in its occipital area, a neuron was found 
that responded to that line alone and not to any other 
e a fundamental discovery that made headlines. 
c "riously enough, they managed to find several cells for a 
"'làin definite line. It was necessary to move the 
po oelectrode strictly normal to the cortical surface, and 
like Such cells were encountered one after another, i 
tun Stacks of coins. A neighbouring “stack pisht e 
ferent the same kind of line, only inclined slightly dif- 
Meu 30 many cells in a stack? Perhaps science 
it be ample of redundancy of amazing multiplicit ere 
sam that all the neurons of the stack are occupie y he 
tema business? If so, is it this that accounts for th 
markable reliability of the visual apparatus? But this 
aS an issue about which scientists could only Sore 
olo, Pe time, the problem of "the brain and 
ite raphy” was a matter of a lively debate. | D 
lin Tature on neurophysiology. Do these stacks à Asst 

*5 have anything to do with the holog 
the g thesis?—was the question posed by th 
“moy o oratory at Koltushi. And so may M atial fre 
Quen to the cats—gratings with di 

€ncies, 


j i i Is 
Ole just gratings and not anything e 


would 
nt that. they 
; eer and co-workers be sO onns a single stripe but 


Spite genio pa 3 The confidence 
fo $2 blocks of two, three, etc.» lines? ee 
owed from the essence of holography, ro t 
vea: The sharp brightness difference is the aam 
Various spatial frequencies, which extends into infinity. 


has here 
y? Could 


e? How could 


also 
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Fach neuron of the “stack”, or column, in the cortex responds to a 
grating of a given spatial frequency. The solid angle subtracted by 
the grating is 2,5° in cats and five times smaller in humans. 
Therefore, our vision is five times keener than the feline vision 


Accordingly, if the brain performs holography or 
Something like that, if it can Produce Fourier expansions, 
the visual cortex must have cells tuned to “zebras”. 

To be sure, the experiments started not from scratch. 


igh contrast grating and watched it 
hen he again tried to 
St grating, it appeared to be blank. 
not make out anything, since the 

tron contrast grating had drastically 
reduced the sensitivity of his vision. Clearly, in all three 
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rictly perpendicular to the 
d to different gratings, but 


sh these gratings are inclined at the same 


When a microelectrode is implanted st 
cortex, it encounters neurons that respon 
all the fields that distingui: 


angle 

transduction óf the visual signal, perhaps in the cerebral 
cortex. If the “weak” and “strong” gratings differed 
markedly in their spatial frequencies, no depression occur- 
and in each case different relay channels were 

they really connected to the cortex? 

reasoning of the workers of the 
Labaratory step by step transfigured into a long series of 
trials that ended in remarkable success. Neurons were 
found that had earlier been predicted theoretically. They 
didn't respond to single bands, but each cell yielded a 
full-blooded signal when the cat was shown the grating. 


Such was the first discovery of the Soviet team. 


red 
operative. But are 
The theoretical 
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When the microelectrode is implanted obliquely, the fields overlap 
and thus arrange at arbitrary angles 


A second discovery was that the grating must look like 
a rectangle of a definite length and width. In the fovea, 
the sharpest visual area, a neuron of the feline brain will 
be excited and will recognize the grating as its “own” only if 
the latter is seen from a solid angle of 2.5°, not more and 
not less (in man the angle is 0.5°, and so our vision is five 
times keener than the Cats). In other words, the grating 
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Must occupy the entire retinal field associated with a given 
neuron of the cortex (in what follows we will refer to it as 
the field of the cell of the cortex). 

A third discovery turned out to be the most striking: it 
became clear why there are so many neurons in the stack. 
They are by no means connected in parallel although they 
receive gratings projected onto the same retinal area. The 
Neurons in the stack are separated so that each has the 
task of responding to one grating, ignoring all the he 
This means that the stack, if viewed as a whole, will “s 
any grating that reaches a given retinal field. 

Lastly, all the gratings distinguished by cellular fields of 
One stack are inclined to the horizon at the same angle. 
And nearby is another stack tuned to gratings inclined at 
another angle. And so on, throughout the entire 360°. 

What follows from the above arguments? What conclu- 
sion can be drawn from the discoveries? In terms of cor- 
tex cells, the retina appears as a huge mosaic composed of 
a multitude of fields, including overlapping ones. A given 
field is connected with all the neurons of a given stack, 
and thereby can distinguish all the spatial frequencies to 
which the neurons of the stack are tuned. And those fre- 
quencies have been shown experimentally to obey the laws 
of the Fourier series. That is, the cortex does nothing but 
piecewise Fourier transformation of the picture projected 
on the retina! 

The outstanding results obtained at the Laboratory did 
not pass unnoticed by the international scientific com- 
munity. They are, in particular, appreciated by the promi- 
nent American neuropsychologist Pribram in his con- 
cluding remarks to the Russian edition of his book 
Languages of the Brain. 

Said Glezer: “Our experiments provided the first 
evidence in favour of the holographic hypothesis derived 
at the cellular level. After all, holography is exactly the 
expansion into a Fourier series of light waves coming 
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from an object, plus storage of the result of the pug 
Sion. And whether the result "has been fixed on n8 
Photographic plate or in the brain is a detail of t 
realization principle." " 
l answered: “Quite so. But one thing is unclear: 
holography is normally associated with lasers, but there 


are no lasers in the brain. How, then, does the brain do 
holography?” 


“There are hol 


ograms and holograms. As early as 1966 
holograms were 


obtained that had been worked out by a 
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computer and synthesized by a computer. They do not 
surprise you, eh? But where is a laser in a computer? You 
Should grasp that the principles of holography are 
mathematics whose material realizations may be different. 
As you obtain your Fourier transforms so you will have 
your holography. Or rather quasiholography, if we take 
its cerebral form. Holos is the Greek for "whole". The 
Problem of wholeness of information recording refers not 
Only to vision but also to the physiology of perception in 
general. The melody of “Carmen” is perceived not just as 
a succession of sounds but as a particular image, in all its 
entity, so that later on the music can be accepted and 
recognized in any key, with any variation down to jazz 
Syncopations—so broad a generalization! But we've 
digressed a bit. But as for light—yes, to fix it on a 
Photographic plate—a reference laser beam is required. 
The brain is not a photographic plate, however. To search 
for a reference beam in it is a hopeless business not 
because it is difficult but because there are no beams there 
at all. If a computer can synthesize holograms, why 
should the cerebral cortex be incapable of it? We should 
Seek the mathematics of the brain, the idea has long been 
In the air.” 


“Well let's leave it. But could it be that modern scien- 


lists make the same mistake as did thousands of their 
Predecessors concerned with the issue of vision in the 
Past? Could it be that they just substitute another model 
for the camera obscura that will at some time be recogniz- 
ed as invalid and rejected exactly as the previous one?” 
“Why is it a mistake? After all, the camera obscura too 
Within certain limits gives an insight into how an image 1s 
Projected on the retina, in other words, as a model the 
chamber is both accurate and inaccurate at the same time, 
Once we stray beyond the confines of the applicability of 
analogy. The same is true of quasiholography. Further- 
More, it is not a mechanical model, like those that have 
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raphic hypothesis by no means tells us how dimal or 
interconnected and what dendrites relay one We ia 
another. Its value lies in something else. It ARRA bat 
to where we go from here, what questions are 9. about it 
nature and how. And the most remarkable mie. a So 
is that we find what we have sought to s for 
; « ” test. It explains, 
quasiholography passes the "truth" tes roperty 
instance, why the generalized image possesses the pi e dU. 
of invariance. From the Fourier picture we can pes de 
tain a description of the image, invariant to the SRI 
size, brightness, contrast, and so on. There is thus TENE 
inherently Strange in invariance. Without it the pr 
would seem far more mysterious.” TERI 
"I see. Here is Something similar to Hi Ud 
holography, where holograms from close and distant bs 
jects are geometrically similar, so that these objects can A 
identified if a system is available that will respond "ie. 
similar manner to both holograms, whatever the 
ference between them.” x nere 
"Yes, but you should not forget that in the brain t z 
are no holograms in the conventional sense of the word. ; 
“Vadim, but does the brain receive information abou 
distances not only because we view the world with two 
eyes, but also 


3 ; ; at 

because from identical objects located “ 

different distances come quasiholograms similar in som 
respects and diff, 


3 ith 
erent in other respects? Then even wit 
one eye man cou 


ld perceive the depth of space. Take, for 
example, the test pilot Anokhin who had lost one eye but 
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still remained a pilot. The binocular mechanism of depth 
perception has been deranged, so suggesting...” 

“Don’t jump to conclusions. Any idea must be tested 
and retested by scores of experiments. But let’s return to 
the issue of separation of the outline of an image. 
Physiologists have so far tacitly reduced it to the simplest 
case: a clear line is drawn on a white sheet of paper. That 
is all. Well, in that case identification is only possible us- 
ing those detectors responsible for lines that have been 
discovered by Hubel and Wiesel. And in everyday life 
figures normally appear against a multicoloured 
background. It masks and absorbs them, destroys the 
wholeness of the contour. How then do separation and 
idéntification occur? 

“Colour is important, of course. But if colour dif- 
ferences are insignificant or totally absent, say in twilight 
when the colour-sensitive apparatus does not function, or 
when we look at black-and-white photographs, how then 
is the contour brought out? The main role is here played 
by textures. Different textures correspond to different 
spatial frequencies. So a tiger and grass are striped, but in 
a different manner. The differences lie both in the fre- 
quencies with which dark and light areas alternate, and in 
the slopes of the areas. Where vision feels a sharp change 
in spatial frequencies, we have boundaries, the contour. 
And this change is felt with the help of the cortical fields 
and neurons responding to the “gratings”. 

Suppose an image is focussed on the retina: to the right 
a fine texture with vertical lines, and to the left a rough 
one with slanted lines. We are now viewing the picture 
from the height of the cells of the visual cortex. This 
means using appropriate fields that physically exist on the 
retina in the form of photoreceptors connected with an in- 
tricate network of nerve links with neurons of the stacks 
of the cortex. If one field is on one side of the boundary. 
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distinguished so easily. But to make out the boundary of 
a contour in living things, the brain has to analyze 
the multitude of spatial frequencies by all the fields of the 
Cortex tuned to differently inclined “gratings”. 

Mathematically, this implies that cortical neurons per- 
form the operation known as the "taking of the Laplace 
Operator". And how grateful should we be to nature that 
it mastered such wisdom! This property of vision enables 
the contour to be continued even where it is broken by 
other objects. For instance, a book is not halved if a ruler 
lies across it, and we “see” the lines of the binding where 
they are covered. Experiments to support the hypothesis 
of the action of the Laplace operator were first carried 
out in 1973 in the Laboratory. In a year the English 
biologist D. M. Mackay conducted similar experiments 
and arrived at the same conclusions. 

Fourier transformations using neurons distinguishing 
various spatial frequencies are extremely capatious and ef- 
fective, and when vision starts functioning immediately 
after birth—in some living creatures better and in others 
worse—it still functions with amazing perfection. For ex- 
ample, one-day-old chicks unfailingly distinguish a flying 
duck from a hawk, although they have never seen either. 
The difference is minute: a duck is a hawk "the other way 
round" (a long neck and a short tail), while the hawk's 
neck is short and the tail is long. The main thing is thus 
which projection is ahead, long or short. And so chicks 
rush to take refuge once a stuffed hawk is slid on a string 
over them, but they remain calm if it is sent tail first. 
How do they manage to discern what is ahead and what is 
behind? 

“In our Laboratory there are some ideas concerning 
this," noted Glezer. “True, these are just preliminary con- 
jectures, and they still await refinement and clarification 
however some scheme is already available. It is supported 
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by observations of cases suffering from visual agnosias, 
and our experiments on animals. But, I repeat, this is just 
a first approximation.” 

And I heard a story that could be seen as a summary of 
the results of the work conducted at the Laboratory dur- 
ing the past two decades. 

There are agnosias in which the visible world falls apart 
into fragments with no connections between them. A pa- 
tient is shown a pair of scissors, he sees a straight blade 
and says: “This is a sword.” Next he notices the second 
blade and says: “No, maybe this is a pitchfork.” He looks 
further, recognizes the rings, but for him these have no 
apparent relation to the blades, and so he says that they 
are spectacles. 

_ What conclusion must be drawn here? That in our 
visual apparatus there are two independent systems. One 
isolates fragments from a Picture or subimages—blades, 
rings, and so on. The other system out of these subimages 
compiles the whole image—the scissors. Should the second 
system fail, the first one would distinguish subimages, but 
they would not merge into a single image. But should the 
first system fail as well, identification would become im- 
Possible, even with the simplest figures. 

What is a subimage? It is a region with a more or less 
homogeneous Structure. Look at a tree growing in a 
meadow: in the picture there are three distinct textural 
subimages: the grass, the trunk, and the crown. Their 
Fourier characteristics are absolutely different. And hence 
their generalized images are quite unique, not to be con- 
fused with the others. Therefore, all the crowns for us are 
crowns, and all the trunks are trunks. 

To be sure, a subimage is not something absolute, 
which is bound to remain indefinitely as it is. Subimages 
and images form an hierarchy. For the image “tree”, the 
subimages are “crown” and “trunk”, but the crown on its 
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Own is the image for the subimages “branch” and “leaf”. 
The world is so great and diverse, and so is the hierarchy 


Of images and subimages. 

But does it pay to break an image down into mosaic of 
subimages, and later to reassemble it? Yes, it does. What 
is the task of seeing, and in the final analysis of thinking? 
To establish the spatial arrangement . of objects and its 
variation with time. This is the most general definition of 
àny cognizant activity. Now our task is modest: just to see 
that near the tree in the meadow strolls a man. How can 
this be accomplished in the most economical way? 

The “point-by-point” transmission, like in TV, is not a 
good method. We have discussed it in the previous 
chapters, Also unattractive (we made no mention of that) 
is generalized quasiholography over the entire field of the 
image, because then any tiniest change in that huge "e 
entails a restructuring Of the entire Fourier pop 
This way of identification is not 2 bit easier t e 
"television" method, and therefore nature m chorra 
another avenue. It has struck a happy meos ds bou er 
ed the visual world into images, sra m as it were, 
Subimages, which for the visual apparalt™ e 
independent and at the same time they, merge 
a single whole. of 

So the man strolls in the meadow, but earner 
that subimage relative to t ee. THE trunk, 
Subimage of the crown, nor the subimage © 


i rain has thus to res- 
Nor the subimage of the grass- The b sin el picture 


Fond to. relatively minor came 2 most economical 
and so information is processed in the moe the primary 
Way. And to gain victory by small n after all, the 
eiüemen of He for M eid me formation and its 
Organism exists not for the sake of in 
Processing, but for the sake of living. ace 10 isolate 
How does the visual system Laas -This is done 
Subimages that have a texture of their own: 


he others 
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by the temporal cells. True, they could do nothing 
without our old acquaintances—the neurons of the 
Occipital cortex, the neurons that can distinguish textures 
and boundaries. It does not matter that these neurons 
cannot trace the entire boundary and have to do pe 
pieces of the boundary because the pertinent fields are a 
too small. The nerve cells of the temple merge the points 
of the dotted line traced by the occipital cells to form a 
solid line, which encompasses an area of texture as if by 
cutting it out with scissors from the background. 

Owing to the extremely complex network of links be- 
tween the “occiput” and the "temple" the groups of fem: 
poral neurons are sort of representatives of a definite 
subimage. It follows that Once a given subimage appears 
in the visual field, an appropriate group of cells in the 
temple signals to the higher structures of the visual system 
“It is here!” Clearly, for such a signal to be given, all the 
Previous links in the visual chain must operate. 

The resultant chain of transformations is a curious one. 
At first the receptors of the retina break down the image 
into myriads of Points. Next the lateral geniculate body 
transduces the points into pulsating fields. This transfor- 
mation enables the subsequent Structures of the visual tract 
to analyze the image using the various spatial frequencies 
and thus to Carry out Fourier transformations, the oc- 
cipital neurons turn the pulsating point image, produced 
by the lateral geniculate body, into a Piecewise holographic 


£ Program built into the system by 
wers the formula: “In dealing with 
each specific problem, the Program must go over not all 


the available signs but Only a small share of them." Of 
course, now that we know everything about it the idea ap- 


nature essentially ans 
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Pears self-evident. But it did not look like that in the 
mid-1960s, when the Soviet scientist M. Bongard, who at 
the time apart from the physiology of vision was concern- 
ed with identification systems, put it forward. Bongard's 
idea was laid at the foundation of many current efforts 
dealing with a variety of identification problems. His un- 
timely death was a great loss to science, all his acquaint- 
ances used to call him a "generator of ideas". 
) I asked: “Vadim, but your story reduces to the fact that 
in the temporal cortex there must be cells tuned so that 
they might take care of any conceivable subimage?" 
“No. Not tuned, but self-tunable—a big difference. 
Before an image for the first time has appeared before the 
eyes, the temporal neurons are tuned to nothing. And on- 
ly when textures have been received and pieces of boun- 
daries marked, the temporal cortex comes into play and 
combines the pieces to form whole boundaries by splitting 
the image into subimages. WE do not know which of the 


temporal neurons will here take on t of "com- 
biners", But such neurons are bound t 
Pearance—that's the crux of the matter. 
Priori perception is the gist of the idea W 
sidering in the Laboratory- Normally, engin 
design an identification syste™ solve some re let- 
lem, say, to determine whether certain characters d to 
ters or not. And so, willy-nilly, they attempt yir 
build into it concepts of those images t 5 

to it, and hence concepts of signs t at 
conveniently use in identification. In man Med Dd Ge 
Major advantage of vision is tha me point in 
Preliminarily informed. Undoubtedly, at Son. crown of 
our lives we have to be informed that this is the 1 

a tree, say, so that the respon ing ne^ cerebral struc- 
for the subimage, would be related in th 

tures to the words— in short, We to 
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that learning, it is Open to any impressions and any 
subimages. But what about an image? We may think of it 
as a result of the merging by some cerebral cells of signals 
from all the neurons responding to the emergence of con- 
stituent subimages.” 


"Is it conceivable to have so many ‘personal’ groups of 
cells?” 4 

"Why not? There are billions of cells in the brain. 
Billions! Let ‘just’ a million of them be those ‘represen- 
tatives’, then in the longest lifetime you would hardly ex- 
haust the Capacity of the system, its memory. After all, 
subimages, those elements of images, are not that many. 
So the book, the table, the shelf and what not, consist of 
the subimage ‘rectangle’; thousands of other things, of the 


Subimage ‘circle’; Others, of combinations of those 
subimages,” 


“By the way, concerning the combinations: an image 


Produced that Way grows up step by step. Early subimages 
received just after a saccadic eye movement are still crude. 
The visual apparatus has just started functioning after an 
idle period, and the fields of the lateral geniculate body 

n diameter, As they are, they do not 


far unclear, it is o 
clear that this hypothetical image is represented in a 
quasiholographic form, and it comes from the temporal 
- This information flow is sup- 

ported by the scheme of Teal neuron connections. 
is is compared with the in- 
in by that time from the 
shrunken field of the lateral geniculate body, If it is not 
coincide with the fresh infor- 
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o es inherent in any stable dynamic system, a 
feedback system. A living organism 15 all permeated with 
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G about identification then? : 
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" es- 
Since here there are no abstractions. But pee of 
see—the parietal cortex—was revealed by a 
the cases of agnosias and experiments on anim Eur i 
For us it goes without saying that people pedo Tear 
from bottom, right from left (although it jon hy acel”, 
my that many learn to carry out the order "Rig i Dea 
tip-top). But in a case of parietal hemorrhage p finguish 
in space is disturbed. The patient's eye cannot dis qute 
between “right” and “left”; the problem, say, “to aon a 
book under the table” becomes insurmountable atial 
the concept of “under”, together with many other dn ac. 
notions, has fallen out of his mind. But the disease ast 
companied not only by visual agnosias. Here, in the p: ical 
lobes lie structures responsible for the gramma kis 
expression of spatial relations, viz. cases and sg aa 
The Patient, therefore, no longer understands the phra: hé 
of the type “the brother of the father”, although us 
knows what the Words "brother" and "father" mean, 
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can even point at them but he is unable to grasp th 
spatial relationships. 


order to see whether th 


: ible 
h e parietal cortex is responsibl 
for space orientation, Nin 


oss from a square, has 
k point located within a 


no longer get its bearings in space. 


Ch. 15. A New Clue to Old Mysteries 233 


, But the parietal cortex also has operators capable of 
giving a command to neuron structures of the temple to 
shift a subimage sidewards or vertically, or to turn. 

Earlier in the book we discussed the experiment by 
Stefanova who showed her subjects a picture in which a 
horse alternately climbed up and down a hill. The iden- 
tification time was the longer the steeper was the slope. 
The visual apparatus at first, as it were, turned the picture 
to bring it into the “normal”, vertical position, and only 
then the recognition mechanism came into play. True, the 
hypothesis of turning has been accepted by some people 
With restraint, But now it is absolutely necessary. Without 
it, it is impossible to understand the workings of the 
Visual system, without it there is no explanation for how 
an abstract, invariant image turns into à concrete horse, 
the one that is now before your very eyes. 

As a matter of fact, now the tree is bent under a gust 
of wind. Its shape is distorted. The crown has shifted 
Sidewards. A patient with a disturbed parietal cortex does 
Not understand that it is a tree. A healthy er arn: 
Carri 1 i nt and turn. The 
fe the operation of ary? M Pe say: "This 
r s closer to a distorted imag 


'S a tree bent by a wind.” ' í 
The power of the brain to storted images 1S 
beyond belief. 1 happened to test it on myself, when at 
International book fair I leafed through a tome aes 
to Picasso, or rather to that perio of his life when he 
had been fond of “decomposing” reality into pigeon 
He used to deform the faces of his models in à DA pd 
Manner to the extent that they were no longer model E 
the conventional sense. It had always seemed to me t - 
Such deformation, such dislocation of everything, ey 
destroyed a portrait, and that in it similarity is replace Es 
Unbridled imagination of the great painter. But dá s 
book | held in my hands, those pictures were assem E 
into a sort of series, each of which was devoted to one O 


perceive di: 
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Picasso’s personages. I suddenly found myself thinking 
that I saw clearly the affinity of the pictures in each 
series. The brain, that great collector of subimages, 
brought together the noses, mouths and ears spread over 
the pages and imparted to them such a tangible portrait 
quality that it even seemed to me: should the personage of 
one of the pictures then pass by me, I would recognize 
him. Yes, Picasso wanted to explode the real image, to 
break it down into tiny pieces, but he could do nothing 
with the nature of vision. It proved to be stronger. It 
recovers the most realistic reality out of cubist and other 
canvases. The only thing the painter achieved is that it 
takes us more time to identify his images (we will not here 
concern ourselves with a discussion of esthetical pluses 
and minuses inherent in that manner of painting), and 
many people, whose visual faculties are not that 
developed, are even unable to perceive the peculiar 
language of the painter. 

The visual System is perpetually learning and ac- 
cumulating a “collection” of subimages and images, 
whereby man can find his way in the surrounding world. 
Something totally new, which we have never seen, may be 
ron familiar, or conversely, to bewilder 
ae kai Pus Y: remember the Stories of how peor 
a belching Sie a car Scattered in fright at the sight o 
pm nster”. Our inner model of the world, as 

ow Now, is largely formed due to the work of the 
: Us, and the richer the stores of images the 
wider are our conscious contacts with the world, the easier 
we accept information and the faster we learn. 

The Picture of the interaction of the occipital, temporal 
and parietal cortex as suggested by Glezer and co-workers 
ur atory, is being clarified. At the same time, 
this is a clue to the understanding of the structure and 
workings of the visual apparatus, of its remarkable perfec- 
tion. And the main thing is that this also paves the way 
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for both the design of electronic identification systems 
and studies of the architecture of the brain at the highest 
levels, 

If the neurons of the temporal cortex are really “end 
Stations” of a long series of transformations undergone by 
the visual image as perceived by the retina, this explains 
the experiments performed in the late 1950s by the 
American physiologists W. Penfield and L. Roberts. They 
Stimulated the temporal cortex with a weak electric cur- 
Tent and the subjects suddenly regained the capability of 
Seeing, literally first-hand, the events that took place 
Many years ago. One female patient (for whom electric 
Current removed her fits of epilepsy) saw herself in a 
Prenatal ward, remembering the finest detail of the set- 
ting. In another experiment a young man found himself 
in the home of his parents in South Africa in the com- 
Pany of his cousins who were laughing and talking, the 
Presence effect was strikingly vivid. Penfield wrote that 
the reproduction of each episode could sometimes be 
Tepeated by interrupting the electrical stimulation and 
repeating it soon at the same or close point. In that case 
the episode at all times would begin with the same point. 

nce the electrode was removed, everything terminated as 
abruptly as it started. The images were not abstract, but 
very concrete images as perceived by the b eh EA 
Paratus—this seems to suggest that the current stimulate: 

Ñ oe neurons. 

uriously enough, besides 3 
Sciousness d the piss also produced sound ene 
lions, One patient heard the voice of her small pe : 
Was playing in the yard, hoots of cars, gemi o ed 
Shouts of boys. Another patient heard an orc estra x 
forming a melody that she could neither sing oe e 
Yet another heard a Christmas carole in her Seded E 
in her native Holland. Perhaps this also suggests 


visual images the con- 
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temporal neurons also take care of the perception of 
sound information, and the mechanism used by the brain 
for this purpose is identical, or at least similar, to the 
visual. mechanism. Could it be that some totally unex- 
pected holographic concept would help scientists dealing 
with the mechanism of understanding speech? 

It is quite obvious that there exists a relationship be- 
tween seeing, the inner model of the world, a specific 
situation, and understanding speech. The relation seems to 
be especially noticeable in the English language, which is 
so rich in words having many meanings. Speakers can 
understand one another only if they know what is meant 
by a word in that particular case. The knowledge comes 
from their earlier experience, or the context of the conver- 
sation. But the prior experience is mostly visual. It is with 
good reason that some believe that language is a way of 
relaying to the memory of another person information in 
the memory of the speaker. 


In the chapter on Painting we discussed the “speech” of 
apes. That they 
However, they have no language as such. They com- 
using holophrases—separate 
Ose sounds and signs generally 
their desires and signal their 
se, contain some meaning but 
Statement of fact. Phrases of 
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symbols create the inner model of the world, they ac- 
cumulate as a living creature acts. “Sign and symbol come 
together in man as a corollary of his demonstrated in- 
creased capabilities for action”, that is, for labour. The 
role of labour in the development of man thus obtain 
another, now neuropsychological, confirmation. 

Pribram wrote: “If indeed it is only through action, an 
effect on environment (in this case other brains), that the 
significant and symbolic processes of language are brought 
together, an explanation is at hand for both the multiplici- 
ty of the forms of languages and for the fact that an in- 
fant in isolation does not give form to any language. Only 
by action on other like brains can the human potential 
be realized. Communicative action thus considered 
becomes the root rather than the fruit of language.” 

Put another way, speech is a product of vision and ac- 
tion stimulated by another human brain. It is not coin- 
cidental that so many famous writers and painters were 
involved in activities having nothing to do with the world 
of arts and letters. To be sure, many opposite examples 
might be provided, but here we are bound to find some 
major event or a chain of events that brought that person 
into the most intimate contact with the everyday world so 
that his stores of impressions and perceptions would 
predetermine his or her destiny. 

Quasiholographic generalized images allow us also to 
approach the problem of thinking from a new angle. 
Some scientists suggest that “thinking is the search for 
reduction in uncertainty with the help of the distributed 
holographic memory”. Holographic images on a 
photographic plate make it possible to carry out an 
associative search for information, which only coincides 
with an image in general while differing in detail. Handl- 
ing a problem, a man attempts to evoke some visual struc- 
tures to simplify the solution markedly. Using that 
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“language of images” which has been developed adequate- 
ly by modern human engineering, and, strange as it might 
seem, by advertisement, literally anything can be shown: 
outward appearance, structure, organization, motion, pro- 
cess, system links, trends and amount, division and many 
other features of things. No wonder that the *visualiza- 
tion of thinking", is a trick widely used by people with a 
creative bent. 

We have already mentioned that vision provides man 
with 90 per cent of his information about the world. The 
models of the Universe and microcosm are, in essence, 
visual models. That a perceptive model of the world 
emerges in the blind or even blind-deaf-and-dumb should 
in the final analysis be put down to the credit of those 
with eyes, a fascinating problem whose discussion may be 
à subject of a separate book. Vision exerts its active in- 
fluence on speech and understanding of speech and on 
thinking. And so an understanding of the structure of the 
brain and its workings should come through studies of 
how people speak, hear and see: how they see what they 
see. "The things with which we concern ourselves in 
Science appear in myriad forms, and with a multitude of 
attributes... Curiosity demands that we ask questions, 
ria we try to put things together and try to understand 
E is se pie of aspects as perhaps resulting from the ac- 
ion of a relatively small number of elemental things and 
forces acting in an infinite variety of combinations." 

These words of the famous American physicist Richard 
Feynman in the best way possible convey the meaning of 
Scientific research. It is with these words that 1 would like 
to conclude my story. necessarily incomplete—about the 
physiology of vision; whose prestige among other discipli- 


nes is ever growing reminding one of the situations with 
nuclear physics in the 1940-50s. 
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Pattern recognition and freaks of fashions, the perception of 
colour and the structure of the visual tract, optical illusions and ' 
the shaping of the mental model of the worldaresomeofthe 
topics discussed in this fascinating and enlightening account of 
the extremely important frontiers of neurophysiology and 
Psychology, cybernetics and medicine. The author (a journalist 
and an engineer) visited many laboratories and even participated 
in the experiments — that is why he is so successful in conveying f 
the atmosphere of scientific search and adventure. The book will i 
appeal to the general reader and non-specialist researcher. 1 


